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WARNING 
HIGH VOLTAGE 
is used in the operation of this equipment 
DEATH ON CONTACT 


may result if personnel fail to observe safety precautions 


Be careful not to contact high-voltage connections or 120-volt ac input 
connections when installing or operating this equipment. 

Operators aiding the organizational maintenance technician should observe 
the following warnings. 

Normally, repairmen should not be permitted to work on electronic equip- 
ment unless there is another person nearby who is familiar with the hazards 
of the equipment and is competent in administering first aid. 

Whenever possible, power to the equipment should be cut off before begin- 
ning work on equipment. Particular care must be taken to ground any ca- 
pacitor likely to hold a dangerous potential, When working inside the 
equipment after the power has been turned off, always ground every part 
before touching it. 

Whenever the nature of the operation permits, only one hand should be 
used for working on electronic equipment. This precaution reduces the prob- 
ability of current flowing through vital organs of the body, thereby causing 
fatal injuries. 
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FIELD AND DEPOT MAINTENANCE 
THEORY: ACQUISITION RADAR SYSTEM (LESS HIPAR) 
{NIKE-HERCULES AND IMPROVED NIKE-HERCULES AIR 


4 DEFENSE GUIDED MISSILE SYSTEMS) (U) 

i TM 9-1430-250-85 HEADQUARTERS, 

¥ DEPARTMENT OF THE ARMY 
CHANGES No, 8 WASHINGTON 25, D. C., 22 June 1962 


TM 9-1430-250-35, 24 February 1960, is changed as follows: 

1(U). The effectivity for material in these changes is as specified in paragraph 38. 

2(U). The effectivity column in paragraph 3 indicates the production cut-in serial number 
of materiel which has been modified, the DA MWO which contains instructions for modifying ex- 
isting materiel produced prior to this production cut-in serial number, and changes which apply 
to-all systems. Process these changes as follows: 

a. Insert changes identified as “All systems” in paragraph 3 on receipt of change. 

b, If the serial number of the materiel in use is of the applicable production cut-in serial 
number or higher, apply changes as indicated in paragraph 3. 

r ¢. If the serial number of the materiel in use is below the applicable production cut-in serial 
4A imber and the pertinent DA MWO has been accomplished, apply changes as indicated in para- 
sfaph 3. 

d. If the serial number of the materiel in use is below the applicable production cut-in serial 
number, but the pertinent DA MWO has not been accomplished, do not change the manual until 
such time as the modification is completed. Retain the changed pages with the transmittal sheets 
in the front of the manual. After each modification is completed, apply changes as indicated in 
paragraph 8. 

3 (U). In accordance with instructions contained in paragraph 2, the attached new pages, as 
enumerated below, will be inserted in the manual and the old pages will be removed (and destroyed 
in accordance with security regulations). The material on a new or revised page affected by these 
changes is indicated by a vertical line in the margin of the page. Added or revised illustrations 
are indicated by a vertical line adjacent to the RA PD or ORD G number. 


DOWNGRADED AT 3 YEAR INTERVALS 


This material contains information affecting National DECLASSIFIED AFTER 12 YEARS. 
Defense of the United States within the meaning of the Espionage 


DOD DIR 5200.10 
Laws, Title 18, U. S. C., Section 793 and 794, the transmission or } > 
revelation of which in any manner to am unauthorized person ts Vane pan 


CONFIDENTIAL 


CONFIDENTIAL Modified Handling Authorized 


TM 9-1430-250-35 


‘Old pages 


48.14 

64.3, 64.47 
66.1 t 

125, 126, 126,1' 
181, 132 € 
139, 140 / 
141, 42 4 
149, 150 / 
161, 162 
None / 
211, 213 ¢ 
242.6 

244.1, 244.2 ° 


gat, 24g / 
251-255 0 


New payes 


5,6, 61 

9, 10, 10.1, 10.2 

11, 12, 12.1-12.8 
18.01 

38, $4, 34.1-34.6 
46.5-46.8 

47, 48 

48.1 

64.3-64.7 

66.1 

125, 126, 126.1 

131, 132, 182.01, 132.02 
139,140 

141, 142 

149, 150, 150.1, 180.2 
161, 162, 162.01 
210,1-210.7 

211, 212 

242.5 

244.1, 244.2 


247, 248, 248,1-248,8 
251-256 


cs 
Effectivity / 
Production 
DA MWO eut-in 
serial no. 
= — | Allsystems 
9-1400-268-50 1363 
§~-1400-268-50 1363 e 
9-1400-268-50 1363 
$-1400-268-50 1363 
$-1400~-268-50 1363 x 
= - All systems. 
— - All systems 
~ | 9-1400-268-50 1363 
9-1400-268-50 1363 
9-1430-251-30/11 or’ 1863 
9-1400-268-50 1363 
9-1400-268-50 1363 
9-1400-268-50 1363 
9-1400-268-50 1363 
9-1400-268-50 1363 
9-1400-268-50 1363 
9-1400-268-50 | 1363 
9-1400-268-50 1363 
9-1430-251-30/14 System suffix 
serial no, 075 a « . 
9-1400-268-50 1363 mt } 
9~-1400-268-50 1363 e 
9-1430-251-30/11 - 1363 
9-1430-251-30/14 System suffix 
serial no. O75 


4(U). Retain the transmittal sheets in the front of the manual for future reference. 
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TECHNICAL MANUAL 
FIELD AND DEPOT MAINTENANCE: : 
THEORY: ACQUISITION RADAR SYSTEM (LESS HIPAR) y! 
(NIKE-HERCULES AND IMPROVED NIKE-HERCULES AI 
DEFENSE GUIDED MISSILE SYSTEMS) (U) 


DEPARTMENT OF THE. ARMY 


co 
TM 9-1430-250-35 HEADQUARTE 
WASHINGTON 25, D. C., 26 March 1962 


CHANGES No. 7 


TM 9-1430-250-35, 24 February 1960, is changed as follows: 

1 (U). The effectivity for all material in these changes is DA MWO 9-1400-263-30. _ 

2 (U). Apply all changes as indicated herein. ere fou Our JAG A 

8 (U). In accordance with instructions contained in paragraph 2, the attached new pages, 
as enumerated below, will be inserted in the manual and the old pages will be removed and de- 
stroyed in accordance with AR 380-5. The material on a new or revised page affected by these 
changes is indicated by a vertical line in the margin of the page. Added or revised illustrations are 
indicated by a vertical line adjacent to the RA PD or ORD G number. 


‘Old pages New pages 
5, 6, 6.1, 7, 8 5, 6, 61,7, 8 = 
22.3, 22.4 22.8-02.9 — 
40.3-40.5 /40,3-40.9 — 
66.1 “66.1 
90.1, 80.2 (90.1, 90.2 — 
99, 100 \99, 100, 100.1 — 
181, 132, 182.1, 182.2 181/182, 182.1, 1822 
139, 140 139, 140 
248, 244, 244.1-244.3 243, 244, 2441-2442 
247, 248 247, 248 
251-254 251-255 


4 (U). Retain the transmittal sheets in the front of the manual for future reference. 


DOWNGRADED AT 3 YEAR INTERVALS 
DECLASSIFIED AFTER 12 YEARS. 
DOD DIR ore. 


aii 


This material contains information affecting National De- 
fense of the United States within the meaning of the Espionage 
Laws, Title 18, U, S. C., Section 793 and 794, the transmission or 
revelation of which in any manner to an unauthorized person is 
prohibited by law. 


TM 9-1430-250-35 C7 
By Order of the Secretary of the Army: 


G. H. DECKER, 
General, United States Army, 
Official: Chief of Staff. 
J. C. LAMBERT, 
Major General, United States Army, 
The Adjutant General. 


Distribution: 


To be distributed in accordance with DA Form 12-32, See II (Clas) requirements for Nike-Herc, Imp Nike- 
Here, TM, Ground Control Equipment, 


WeOUWS, GOVERNMENT PRINTING OFFICE; 1962—-611038/1005 
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v 
THEORY: ACQUISITION RADAR SYSTEM (LESS HIPAR) Y 


(NIKE-HERCULES AND IMPROVED NIKE-HERCULES AIR 


TECHNICAL MANUAL 


DEFENSE GUIDED MISSILE SYSTEMS) (U) 


TM 9-1430-250-35 HEADQUARTERS, 
DEPARTMENT OF THE ARMY 
Cuances No, 6 WASHINGTON 25, D.C., /6 March 1962 


TM 9-1430-250-35, 24 February 1960, is changed as follows: 


1 (U). The effectivity for all material in these changes is production cut-in serial number 1363 and DA 
MWO 9-1430-254-30/1/1 for system serial number 1397 through 1362. 

2(U). Process these changes as follows: 

a. If the serial number of the materiel in use is 1363 or higher, apply all changes as indicated hefein, 

6. If the serial number of the materiel in use is 1307 through 1362 and DA MWO 9-1430-254-30/1/1 
has been accomplished, apply ail changes as indicated herein. aad) ene Poe 

c. If the serial number of the materiel in use is 1307 through 1362 but DA MWO 9-1430-254-30/1/1 
has not been accomplished, do not change the manual until such time as the modification is completed. Retain 
the changed pages with the transmittal sheet in the front of the manual. After modification is completed, 

pply changes as indicated herein. 

3(U). In accordance with instructions contained in paragraph 2, the attached new pages, as enumerated 
delow, will be inserted in the manual and the old pages will be removed (and destroyed in accordance with 
security regulations). The material on a new or revised page affected by these changes is indicated by a 
vertical line in the margin of the page. Added or revised illustrations are indicated by a vertical line adjacent to 
the RA PD or ORD G number, 


Old pages New pages 


5, 6 
233, 234 
238.2 
242.1-242.6 


4 (U). Upon incorporation of these changes, the top and bottom of this transmittal sheet will be marked 
CONFIDENTIAL Modified Handling Authorized in accordance with AR 380-5, 
5 (U). Retain the transmittal sheet in the front of the manual for future reference. a 
i fr 


Sgt. M, RIVIERE- 


By ORDER OF THE SECRETARY OF THE ArMy: 


Official: 
Jj. © LAMBERT, 
Major General, United States Army, 
The Adjutant Grneral 


Distribution: 


To be distributed in accordance with DA Form 12-32, See III (Clas) requirements for Nike-Herc/Imp Nike-Herc, TM, 


Ground Control Equipment 


G. H. DECKER, 
General, United States Army, 


Chief of Staff. 
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Field and Depot Maintenance PEACE S 
THEORY: ACQUISITION RADAR SYSTEM (NIKE-HERCULES AND IMPROVED NIKE- 
HERCULES AIR DEFENSE GUIDED MISSILE SYSTEMS) (U) 


TM 9-1430-250-35 HEADQUARTERS, 
DEPARTMENT OF THE ARMY 
Cuanous No. 5 Wasuinoton 25, D.C., 14 September 1961 


TM 9-1430-250-35, 24 February 1960, is changed as follows: 


1. (U) The effectivity for matorial in these changes is as specified in paragraph 4. 

2. (U) The effectivity column in paragraph 4 indicates the production cut-in serial number of 
materiel which has been modified, the DA MWO which contains instructions for modifying existing 
materiel produced prior to this production cut-in serial number, and changes which apply to all systems. 
Process these changes as follows: 

a. Insert changes identified as ‘‘All systems” in paragraph 4 on receipt of change. 

}. If the serial number of the materiel in use is of the applicable production cut-in serial number 
or higher, apply changes as indicated in paragraph 4. 

c. If the serial number of the materiel in use is below the applicable production cut-in serial num- 
ber and the pertinent DA MWO has been accomplished, apply changes as indicated in paragraph 4. 

d. If the serial number of the materiel in use is below the applicable production cut-in serial 
number, but the pertinent DA MWO has not been accomplished, do not change the manual until such 
time as the modification is completed. Retain the changed pages with the transmittal sheet in the front 
of the manual. After modification is completed, apply changes as indicated in paragraph 4. 

e. For those pages having two or more DA MWO’s affecting one sheet (pair of pages), insert 
these pages when any one of the DA MWO modifications has been incorporated. Do not remove the 
corresponding old pages until all DA MWO modification affecting the sheet have been incorporated. 
After the last modification is completed, remove the corresponding old sheet (pair of pages). 

3. (U) In accordance with instructions contained in paragraph 3, the attached new pages, as enu- 
merated below, will be inserted in the manual and the old pages will be removed and destroyed in accord- 
ance with security regulations. The material on a new page which is affected by these changes is indi- 
cated by a vertical Hine in the margin of the page. Where revised information requires the use of added 
pages, vertical lines are also used to indicate added material. Added or revised illustrations are indi- 
cated by vertical line adjacent to the RA PD or ORD G number. 


f »/) 
l/¢ hevi 4 32 
H+ Downgraded at 3-Year Intervals: 
Declassified After 12 Years 


DOD Dir 5200.10 


CONFIDENTIAL Modified Handing Authorized 


CONFIDENTIAL Modified Handing Authorized 


TM 9-1430-250-35 C5 
Eflectivity ( 
‘Old pages ‘New pages PA MWO Production cut- 
in serla) No. 


All systems 
All systems 
All systems 


ORD Y29-W33.. 


+481, 18%, 182.1, 182.2 +181, 132, 182.1, 182.2 9-1430-201-30 K29 

+139, 140____ 2139, 140. ORD Y28-W35. All systems 
ORD ¥29-W33. All systems 

+ 243, 244. 243, 244. ORD ¥28-W35. All systems 
ORD Y¥29-W33_ All systems 
9-1430-291-30 Kk29 

$061, 95t2= 2 ssc seeae fiesastccy 25 1850) = ees cadacessseeesecd 9-1430-291-30_. K29 


4, (U) Retain the transmittal sheets in the front of the mantal for future reference. 
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TECHNICAL MANUAL ae Hecens 
FIELD AND DEPOT MAINTENANCE: SS 
THEORY: ACQUISITION RADAR SYSTEM (LESS HIPAR) 


(NIKE-HERCULES AND IMPROVED NIKE-HERCULES AIR DEFENSE 
GUIDED MISSILE SYSTEMS) (U) 


DEPARTMENT OF THE ARMY 


WASHINGTON 25, D. C., 26 July 1962 


TM 9-1480. 250-35 HEADQUARTERS, 
Cuances No, 4 } 


TM 9-1430-250-35, 24 February 1960, is changed as follows: 


1.(u)These changes contain Improved NIKE-HERCULES coverage. The effectivity for all 
material in these changes is all systems. 

2.(u) Apply all changes as indicated herein. 

8.(u)In accordance with instructions contained in paragraph 2, the attached new pages, as 
enumerated below, will be inserted in the manual and the old pages will be removed and de- 
stroyed in accordance with security regulations. The material on a new page which is affected 
by these changes is indicated by a vertical line in the margin of the page. Where revised in- 
formation requires the use of added pages, vertical lines are also used to indicate added material. 
Added or revised illustrations are indicated by a vertical line adjacent to the RA PD or ORD G 


number. 


Old pages | New pages 
FF 5,,6,5.1. Be | 7-5, 6, 6.1 
7 4%, 48,481 7 AT, 48, 48.1 
” 88, Bae | 758, 54 
977 98,.98. 1, 98.2 7 97, 98, 98.1, 98.2 
£98.5-88.10> 77 98,5-98,10 
7 18721407 77187-1460 
7 248; 244/544.1, 244.2) 72 243, 244, 244.1, 244.2, 244.2.1 
7 2615 | 7 W1-254 


4.(u)Retain the transmittal sheet in the front of the manual for future reference. 
5.{u)Destroy classified pages removed from the manual as a result of this change in ac- 


cordance with AR380-5. 


CONFIDENTIA Modified Handling Authorized 


Baki: ADED AT 3 YEAR INTERVALS 


Sot. MURWE PODECLASSIFED AFTER 12 YEARS. 
—— DOD OR 5200.10 
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TM 9-1430-250-35 


By Order of the Secretary of the Army: 


‘Official : 
R. V. LEE, 
Major General, United. States Army, 
The Adjutant General 


Distribution: 
Active Army: 


DCSLOG (1) 

Tech Stf, DA (1) except 
CofOrd (8) 

CofEngrs (3) 
CofT (None) 

Ord Ba (2) 

USCONARC (3) 

ARADCOM (5) 

ARADCOM Regn (5) 

OS Maj Comd (5) except 
USARCARIB (3) 
USARAL (2) 
USARPAC (3) 

O8 Base Comd (2) 

LOGCOMD (3) 

Armies (8) except 
Third USA (8) 
Seventh USA (5) 
BUSA (5) 

MDW (1) 

Corps (2) 

Instls (8) except 
Ft Benning (6) 

Ft Devens (15) 

Ft Hood (18) 

Ft Lewis (13) 

Ft Riley (6) 

Ft MacArthur (8) 

Ft Sheridan (12) 

Ft Wayne (9) 

Ft Monroe (8) 

Ft Belvoir (6) 

Presidio of San Francisco (6) 

Sve Colleges (2) 

Br Sve Sch (2) except 
US ARADSCH (100) 
USA Dra Sch (5) 
USAAMS (5) 

USAOGMS (150) 

USMA (3) 

GENDEP (1) except 
Schenectady GENDEP (none) 
New Cumberland GENDEP (none} 

Ord Sec, GENDEP (1) 

Ord Dep (1) except 
Rossford Ord Dep (10) 


G. H. DECKER, 
General, United States Army, 
Chief of Staff 


Tooele Ord Dep (4) 
Wingate Ord Dep (3) 
Black Hill Ord Dep (5) 
Sierra Ord Dep (2) 
Savanna Ord Dep (3) 

‘Ord Ammo Comd (2) 

USAOMC (5) 

Ord SW Ammo Comd (6) 

owe (1) 

USA Msl Comd (5) 

Tth USA Spt Comd (1) 

QMRECOMD (1) 

Fld Comd, DASA (20) 

Philadelphia QM Cen, USA (8) 

USAADCEN (10) 

WSMR (10) 

ARGMA (61) 

USA Trans Tm! Comd (2) 

Army Tml (2) 

POE (OS) (2) 

OSA (1) 

Ord PG (10) except 
APG (18) 

Ord Arsenals (1) exeept 
Benicia Arsenal (3) 
Frankford Arsenal (3) 
Ravenna Arsenal (2) 
Rock Island Arsenal (2) 
Indiana Arsenal (none) 
Radford Arsenal (none) 
Joliet Arsenal (4) 
Raritan Arsenal (17) 
Redstone Arsenal (9) 

Springfield Armory (2) 

Ord Dist (1) except 
New York Ord Dist (3) 

USACOMZEUR (6) 

MAAG, Italy (57) 

MAAG, Denmark (18) 

MAAG, Norway (18) 

MAAG, France (11) 

MAAG, Belgium (18) 

MAAG, W. Germany (55) 

MAAG, Republic of China (18) 

MAAG, Netherlands (18) 

JUSMAGG (18) 
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TECHNICAL MANUAL Se feces 
i FIELD AND DEPOT MAINTENANCE: - ey = 
THEORY: ACQUISITION RADAR SYSTEM (LESS HIPAR) 


(NIKE-HERCULES AND IMPROVED NIKE-HERCULES AIR DEFENSE 
GUIDED MISSILE SYSTEMS) (U) 


TM 9-1480-250-35 i HEADQUARTERS, 
DEPARTMENT OF THE ARMY 
Cuances No. 3 § WASHINGTON 25, D. C., 15 June 1961 


TM 9-1430-250-35, 24 February 1960 is changed as follows: 

1. These changes contain Improved NIKE-HERCULES coverage. The effectivity for all 
material in these changes is all systems. 

2. Upon incorporation of these changes, mark CONFIDENTIAL, Modified Handling Au- 
thorized at the top and bottom of this page. 

3. Apply all changes as indicated herein. 


4. In accordance with instructions contained in paragraph 3, the attached new pages, as 
enumerated below, will be inserted in the manual and the old pages will be removed and de- 
stroyed in accordance with security regulations. The material on a new page which is affected 
by these changes is indicated by a vertical line in the margin of the page. Where revised infor- 
mation requires the use of added pages, vertical lines are also used to indicate added material. 
Added or revised illustrations are indicated by a vertical line adjacent to the RA PD or ORD G 
number, 


New pages 


? 5-8, 8.1 76,6, 6.1, 7,8, 8.1 
/ 64.3, 64.4 — 764.3, 64.4 
4 None 7182.5 


* 209, 210 7 209, 210 


5. Pages 4.1, 4.2, Face p. 4.2, 4.3 through 4.8, Face p. 4.8, 4.9, and 4.10 are rescinded and 
should be removed from the manual. 


eee 
Ua: 
Sot, itive 


ix} 


TM 9-1430—250-35 


6. The following pen and ink changes are to be made in the manual. 


eS SCS 


Line 


Action 


San (SESE EEE eee ee 


Page Par. 

48 22.16 
41321 48.2b(6) 
#1821 48,25(8) 

» 132.1 48.2b(8) 
188.1 48.30 
#1322 48.3b(10) 
7 132.4 48.58(2) 
¢ 206 qT 
4 244.1 89.1 
244 89.1a 
7249 2nd column 
4 252 1st column 


3 
1, 2,5, 8,11 
3 


19 


Add “acquisition” after “same as”. 

Change “S5” to read 83 in five places. 

Delete “down” and substitute “ON”. 

Delete “ON” and substitute “down”. 

Change “(2) Frequency ‘switch Si.” to read (3) Frequency 
switch S1, 

Change “S2” to read R2. 

Change “1-2” to read 1-8. 

Chance “9000009” to read 8158120, 9000009. 

Delete “9984907” and substitute “9984404”. 

Delete “9984907” and substitute “9984404”. 

On line above “Instruction Guide:” add “First Aid for Soldiers 
FM 21-11”. 

After “RF” add “8158120, 9000009”. 


5 
7 254 Ist column 16 Delete “9984907” and substitute “9984404”. 


7. Retain the transmittal sheets in the front of the manual for future reference, 


CONFIDENTIAL Modified Handling Authorized 


Yamba ga TM 9-1430-250-35 
Sot. M, RIVIERE Ke Oke ee 
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vy 2 
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5 THEORY: ACQUISITION RADAR SYSTEM 
{ (NIKE-HERCULES ANTIAIRCRAFT GUIDED MISSILE SYSTEM) ( U) 


DEPARTMENT OF THE ARMY 


TM 9-1430-250-35 7 HEADQUARTERS, 
WASHINGTON 25, D. C., 80 March 1961 


Cuances No. 2 


TM 9-1430-250-35, 24 February 1960, is changed as follows: 


1, These changes contain Improved NIKE-HERCULES coverage. The effectivity for all ma- 
terial in these changes is all systems, 


2. Upon incorporation of these changes the title of this manual becomes ag follows: 


FIELD AND DEPOT MAINTENANCE: 
THEORY: ACQUISITION RADAR SYSTEM (LESS HIPAR) 
(NIKE-HERCULES AND IMPROVED NIKE-HERCULES AIR DEFENSE 
GUIDED MISSILE SYSTEMS) (U) 


8, Apply all changes as indicated herein. 


4. In accordance with instructions contained in paragraph 3, the attached new pages, as 
enumerated below, will be inserted in the manual and the old pages will be removed and destroyed 
( in accordance with security regulations. The material on a new page which is affected by these 
changes is indicated by a vertical line in the margin of the page. Where revised information re- 
quires the use of added pages, vertical lines are also used to indicate added material. Added or 
revised illustrations are indicated by a vertical line adjacent to the RA PD or ORD G number. 


Old pages New peges 
41-44 
5-8, 8.2 5-8,-8:1 
21, 22 21, 22,-22.1=22m 
B83 98, 84, 34.1 
89, 40—- 39, 40, 40.1-40.5 
47-48 47,48, 48.1 
564,57, 58— 56:1,-57, 58 
62:1; 622— 62.1-62.2 
None 64:1-64:4. 
66-4 66.1 
97,98 97, 98, 98:1-98.10 
Hd, 442- AL, 412-11 DAT 
m7; 118- 447, 118;-42981-148.5 
125,128" 126,°126;-426:1 
IBF, 132,482 181, 182, 1821-1824 
“139, 140— 139, 240 
_ 248,244 248, 244, 244.1-244.3 
RAS=254 249-254 


CONFIDENTIAL Moditied Handing Authorized 


TM, 9-1430-250-35 c2 


&. The following pen and ink changes are to be made in the manual. 


‘Page Par. Line Action 
q Title 1 After “ACQUISITION RADAR SYSTEM” add“(LESS HIPAR)”. 
ap | Title 2 Delete “ANTIAIRCRAFT” and substitute “AND IMPROVED NIKE-HERCULES 


AIR DEFENSE”. 
Tier | 58 1 Title should read “Compressor 7605715 or Pressurization Unit 9138649", 
2g. | 79 2 After “9000289” add “or 8158192”. 
zag | 910(4) 1,2 | Delete “TA~346/M-8512896” and substitute” or remote control cireuit 9139909”. 


6. Retain the transmittal sheets in the front of the manual for future reference, 


CONFIDENTIAL - wovited Handing Authorized 


TM 9=1430=250-35 
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TECHNICAL MANUAL Por SY RHE 
ee a 
FIELD AND DEPOT MAINTENANCE: eZ 
THEORY: ACQUISITION RADAR SYSTEM 
(NIKE-HERCULES ANTIAIRCRAFT GUIDED MISSILE SYSTEM) (U) 


DEPARTMENT OF THE ARMY 


TM 9-1480-250-85 HEADQUARTERS, 
} WASHINGTON 25, D.C., 8 December 1960 


CHANGE No. 1 
TM 9~-1480-250-35, 24 February 1960, is changed as follows: 


1. The effectivity for material in these changes is as specified in paragraphs 4 and 5. 

2. Upon incorporation of these changes the manual is downgraded to CONFIDENTIAL, 
MODIFIED HANDLING AUTHORIZED. 

8. The effectivity columns in paragraphs 4 and 5 indicate the production cut-in serial num- 
ber of materiel which has been modified, the MWO which contains instructions for modifying 
existing materiel produced prior to this production cut-in serial number, and changes which 
apply to all systems. Process these changes as follows: 

a, If the materiel in use is of the applicable production cut-in serial number or higher, 
apply changes as indicated in paragraphs 4 and 5. 

bd, If the serial number of the materiel in use is below the applicable production cut-in 
serial number and the pertinent MWO has been accomplished, apply changes as indicated in 
paragraphs 4 and 5. : 

¢. If the serial number of the materiel in use is below the applicable production cut-in 
serial number, but the pertinent MWO has not been accomplished, do not change the manual un- 
til such time as the modification is completed, Retain the change pages with the transmittal 
sheets in the front of the manual. After modification is completed, apply changes as indicated 
in paragraphs 4 and 5. 

4, In accordance with instructions contained in paragraph 8 the attached new pages, as 
enumerated below, will be inserted in the manual and the old pages will be removed. The por- 
tion of the material in a new page affected by these changes is indicated by a vertical line in 
the margin of the page. Where revised information requires use of added pages, vertical lines 
are also used to indicate changed material. Added or revised illustrations are indicated by a 
vertical line adjacent to the RA PD number. 
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Efffectivity 
Production 
eutin 
Old pages New pages MWwo aerial no. 
1-3; face-prdy 5-8 198,44 4; 5-8, 8:1 None 2 All systema 
13-18 13618, 18/-15-18.2 ¥28-W11, Y28-Ww32 - 1247 
87-42 37-42, 42.1, 42.2 ¥28-W11, Y28-W29 ° 1247 \ 
45, 46 45, 46, 46.1-46.5 None 1071 I 
49, 50 [49, 50, 50.1, 50.2} None} 1287 
55-57 85, 56, 56.1, 57 ‘Y28-W24 2 1219 
61-66 61, 62, 62.1, 62.2, 63-66, 66.1-| Y28-W11, Y28-W24 ail 1247 
67-74 87-74, 74.1, 74.2 ¥28-W29 - 1807 
83-92 83-90, 90,1, 90:2; 91 92 Y¥28-W29 % 1307 
131, 132 181, 132, 132.4 ¥28-W11 “ 1247 
151-153 151, 182, 152.1, 153, 154! | None| 1327 
Face p. 162 Ces guar 5 |_None | 1287 
283-238, face p. 238, 289-242 | 233-238, 238.1, 238.2230 | Y25-W4 * 1307 
242, 242.1-242.6 

243, 244 243, 244, 244.1 ‘Y¥2g-W2a # 1219 
251-254 251-254 None a All syatems 
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5, The following pen and ink changes are to be made in this manual. 


Ecffectivity 
Production 
Page Par, Line Ae. Action Mw schil no, 
a4 18 1 - Delete “8174091” ond substitute | ¥28-W29 — 1307 
foi "9142873", 
(48) \ hy | 23 i - After “7614632” add ", Aequisi- | None 1287 
tion 5-Minute Delay Timer- | 
9142969". 

58 29 1 _ Delete “8006012” and substitute | ¥28-Wil — 1247 
9138109". | 

59 29b(3) 20 - After voltages," add ““‘interlock | ¥28-Wil 1247 
awitch $2 opens an interloc 
circuit and’. i 
67 38a(1) Laat _ Change “200,000” to 250,000. | ¥28-W29 1307 
67 334(3) (a) 1 = Add “or 9007951”. | yog-Wo9 1307 
67 33a(3) (4) L - Delete "8158267" and substitute | ¥28-W29 — 1307 
“9142869”. i 

67. 33a(3) (e) 1 ~ Delete “8157980” and substitute | ¥28-W29 — 1307 
9007680". 

126 48 1 - Delete 8158840” and substitute | ¥28-W11 — 1247 
9137929", 

126 485 2 - In note change “(20)” to “(21)”, | Y28-W2l 1247 

136. 60 1 = Delete ‘8518877, 9007757" ond | ¥Y28-W29 — 1291 
substitute "9142872". 

137 50¢ = - Delete entire paragraph ¢. ¥28-W29 1291 
[ET] fy, | 64002) ) 6 - Add “or the acquisition S-minute |/None 1287 
—" delay timer” after “timer”. i 

80. 700 2 - Delete “RE” and substitute “IF”. | None = | All systems 

wR OL 4 1 - Delete “8173949” and substitute | Y25-Ws = 1209 

9143030". 

1 | 740(1) (@) 21 ~ After “C42” add “, C45,”. Y2i-W3 = 1208 

2ks _ a 106 Delete entire figure. ¥28-W2i 1219 
aR), | 92 5 = Delete 8007298" and substitute |/ ¥28-W5 1091, 

al 8158225", 

ae | 92 6 - After “fan.” add “and IFF decod- | ¥28-W5 1091 

: er MX-1995/TPX.” 

2g 4 32 - In second column change “TM 9-| None | All systems 
1430-250-10” to TM 9-1400- 
250-10. 

2p 4 36 - In second column change “TM 9-| None —-_| All aystems 
1430-251~12” to TM $-1400- 
251-12. 


6. Retain the transmittal sheets in the front of the manual for future reference. 


By Order of Wilber M. Brucker, Secretary of the Army: 


G. H. DECKER, 
General, United States Army, 
Official: Chief of Staff. 
R. V. LEE, 
Major Generali, United States Army, 
The Adjutant General. 


Distribution: 
Active Army: 
‘To be distributed in accordance with DA Form 12-7 requirements for TM 9 Series (Class) Plus the 


following: 


DCSLOG (1) MAAG (Belgium) (18) 

Tech Stf, DA (1) MAAG (West Germany) (18) 
except CofOrd (3) MAAG (Republic of China) (18) 

US ARADCOM (2) MAAG (Netherlands) (18) 

US ARADCOM Ren (2) JUSMAGG (18) 

MDW (1) JUSMMAT (18) 

Seventh US Army (3) ‘Units org under fol TOE: 

EUSA (5) 9-12 (1) 

Corps (2) 9-17 (1) 

1st GM Bde (60) 9-47 (1) 

WSMR (10) 9-57 (2) 

MAAG (Italy) (57) 9-76 (2) 

MAAG {Denmark} (18) 9-227 (3) 

MAAG (Norway) (18) 9-877 (1) 

MAAG (France) (11) 9-500 (DD) (3) 


9-510 (FA) (8) 


NG & USAR: None. 
For explanation of abbreviations used, see AR 320-50. 


‘WULS, GOVERNMENT PRINTING OFFICE: 1960—571034/179 


EXTREMELY DANGEROUS POTENTIALS 
greater than 500 volts exist in the following units: 


Warning: Potentials less than 500 volts may cause death under cer- 
tain conditions; therefore, reasonable precautions should be taken when 
working in all units of the acquisition radar system. 

Acquisition antenna-receiver-transmitter group: 

Acquisition modulator 
Acquisition receiver-transmitter 
Acquisition RF power supply control 
Battery control console: 
PPI 
PPI HV power supply 
Precision indicator 
Director station group: 
—1,000v power supply 
Acquisition HV power supply 
Battery control interconnecting box 
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JUSMMAT (18) 9-76 (2) 
Units org under fol TOE: 9-87 (8) 
9-12 (1) 9-227 (8) 
917 (1) 9-877 (1) 
O47 (1) 9-500 (BA,FA,FR) (3) 
9-57 (2) 9-510 (FA) (1) 
NG: Units org under fol TOE: 44-645 (4). 
USAR: None. 


For explanation of abbreviations used, see AR 320-50. 
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FIRST AID FOR ELECTRICAL SHOCK 


|. GENERAL 


a. Rescue. In case of electric shock, 
shut off the high voltage at once and 
ground the circuits. If the high voltage 
eannot be turned off without delay, free 
the victim from contact with the live 
conductor as promptly as possible, A- 
void direct contact with either the live 
conductor or the victim's body. Use a 
dry board, dry clothing, or other non~ 
conductor to free the victim. An axe 
with a dry wooden handle may be used 
to cut the high-voltage wire. Use ex- 
treme caution to avoid the resulting 
electric flash, 


b. Symptoms, 


(1) Breathing stops abruptly in e- 
lectric shock if the current 
passes through the breathing 
center at the base of the brain. 
If the shock has not been too 
severe, the breath center re~ 
covers after a while andnormal 
breathing is resumed, provided 
that a sufficient supply of air 
has been furnished meanwhile by 
artificial respiration. 

(2) The victim is usually very white 

or blue, The pulse is very weak 

or entirely absent and uncon- 
sciousness is complete, Burns 
are usually present, The vic- 
tim's body may become rigidor 
stiff in a very few minutes. This 
condition is due to the action of 
electricity and is not to be con- 
sidered rigor mortis, Artificial 
respiration must still be given, 
as several such cases are re- 


ported to have recovered, The 
ordinary and general tests for 
death should never be accepted, 


Il MOUTH-TO-MOUTH ARTIFICIAL 
RESPIRATION 


Start artificial respiration immedi- 
ately. Do not wait for a mechanical 
resuscitator; but when an approved model 
is available, use it. At the same time 
send for a medical officer if assistance is 
available. Do not leave the victim un- 
attended, Perform artificial respiration 
at the scene of the accident, unless the 
victim's or operator's life is endangered 
from such action, In this case only, re- 
move the victim to another location, but 
no farther than is necessary for safety. 
If the new location is more than a few 
feet away, artificial respiration should be 
given while the victim is heing moved. 
Artificial respiration, once started, must 
be continued without loss of rhythm. The 
mouth-to-mouth method of artificial res~ 
piration is described here, 


I. TECHNIQUE OF MOUTH-TO-MOUTH 
ARTIFICIAL RESPIRATION 


1. Position of Victim (A). Place vie- 
tim in the face upward position and kneel 
close to his left ear, 


2. Clear the Throat, Turn the head to 
one side, and quickly wipe out any 
fluid, mucus, or foreign body from mouth 
and throat with the fingers. 


3. n_and Aline Air Passages. Tilt 
the head back and extend the neck to open 


C1 


and aline the air passages, so that they 
do not become blocked by kinking or 
pressure. 


4, Lift Jaw Forward, Place the thumb 
into the mouth and grasp the jaw firmly. 
Lift the jaw forward to pull the tongue 
forward out of the air passage. Do not 
attempt to hold or depress tongue, 


5. Pinch Nostrils Closed. Use other 
hand to keep the victim's nostrils pinch- 
ed closed to prevent air leak, 


6, Form Tight Seal with Lips (B). 
Rescuer's wide-open mouth completely 
surrounds and seals the open mouth of 
the victim, This is not a kissing or 
puckered position - the mouth of the 
rescuer must be wide open, 


7. Blow. Exhale firmly into victim's 
mouth until the chest is seen to lift, 
This can be seen by the rescuer with- 
out difficulty, 


8. Remove Mouth and Breathe In (C), 
During this time, rescuer can hear and 
feel the escape of air from the victim's 
lungs. 
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9. Repeat 6, 7, and 8, Continue at a 
rate of 12-20 times per minute. 


CAUTION: EXCESSIVELY DEEP AND 
RAPID BREATHING BY THE RESCUER 
MAY CAUSE HIM TO BECOME FAINT, 
TO TINGLE, AND EVEN LOSE CON- 
SCIOUSNESS, BREATHING SHOULD BE 
NORMAL IN RATE WITH ONLY MODER- 
ATE INCREASE IN VOLUME, IN THIS 
WAY, RESCUE BREATHING CAN BE 
CONTINUED FOR LONG PERIODS 
WITHOUT FATIGUE. 


10. Remember, 


a. Keep airway clear of fluid and| 
other obstruction, 

b. Readjust position if air does not| 
flow freely in and out of victim, 

¢. Keep neck extended and chin| 
pulled forward. 

d. Do not breathe too forcible or 
too large a volume if victim is infant 
or small child. 


RAPD 4616898] 
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CHAPTER 1 (U) 
INTRODUCTION 


1 (U). Scope 

a. These instructions are published for the 
information and guidance of personne] respon- 
sible for field and depot maintenance of the 
NIKE-HERCULES and Improved NIKE- 
HERCULES Air Defense Guided Missile Sys- 
tems. These instructions contain information 
on maintenance which is beyond the scope of 
the tools, equipment or supplies normally avail- 
able to using organizations. This manual does 
not contain information which is intended pri- 
marily for the using organization, since such 
information is available in the pertinent oper- 
ator and organizational maintenance manuals. 

5. This manual contains detailed theory of 
operation of all chassis which make up the 
acquisition radar system (less HIPAR). It also 
contains information on cabinet-mounted com- 
ponents that are not part of chassis. In addi- 
tion, this manual contains a mechanical de- 
scription of the acquisition antenna-receiver- 
transmitter group. Functional theory, which 
shows the functiona] relationships between 
chassis, is held to a minimum. It is covered 
only where necessary to adequately explain a 
circuit. For functional theory, refer to TM 
9-1430-250-20/1. 

e. Multiple-use chassis are discussed where 
first encountered in this manual and cross-ref- 
enced thereafter. 


d. The appendix contains a list of current 
references, including supply manuals, techni- 
cal manuals, and other available publications 
applicable to the NIKE-HERCULES and Im- 
proved NIKE-HERCULES Systems. 


e. Any errors or omissions will be brought 
to the attention of the Commander, U.S. Army 
Ordnance Missile Command, Army Rocket and 
Guided Missile Agency, Redstone Arsenal, Ala., 
ATTN: ORDXR-FMPT, using DA Form 468 
(Unsatisfactory Equipment Report). 


2 (U). Related Publications 


This manual is one of a series of manuals 
covering field and depot maintenance of the 
NIKE-HERCULES and Improved NIKE- 
HERCULES Systems. Items of the NIKE- 
HERCULES Air Defense Guided Missile Sys- 
tem are shown in Appendix I of TM 
9-1400-250-10/1. Items of the Improved 
NIKE-HERCULES Air Defense Guided Mis- 
sile System are shown in Appendix I of TM 
9-1400-250-10/2. A list of the technical man- 
uals covering these items is included in each 
appendix. 


3 (U}. Arrangement of Material 


This manual is divided into eight chapters, 
with a chapter devoted to each major assembly 
or console in the acquisition radar system (less 
HIPAR). Each chapter contains a paragraph 
to cover detailed theory of operation of each 
chassis located within the major assembly or 
console. Where applicable, a paragraph is in- 
cluded in each chapter to cover nonchassis 
electrical components that are mounted on the 
major assembly or console, and to cover a me- 
chanical description of certain mechanisms. 


4 (U}. Technical Manual Effectivity 


a. This manual is technically correct up to 
and including NIKE-HERCULES System 
serial number 1370, provided Department of § 
the Army Modification Work Orders (DA 
MW0O’s) listed in table I have been incorpor- 
ated in these systems. Table I also contains a 
brief description of each DA MWO. This man- 
ual is also technically correct up to and ineltd- 
ing system suffix serial No. 075 of the Improved §f 
NIKE-HERCULES System. 

b. For a complete listing of all DA MWO’s 
that affect this equipment, refer to DA Pam 
310-4. 
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MWo N Description 


¥25-W1 


Y¥25-W3 


Y¥25-W4 


Y28-W2 


Y¥28-W5 


‘Y28-w7 


¥28-W9 


‘¥28-W11 


Y¥28-W21 


Table I (U), MWO Changes 


MWO No. 


7 


Description 


Redesigns front end plate of the 
magnetic cireuit to improve ad- 
justment, using existing instrue- 
tions, System serial nos, 1001 
through 1028 are affected. 


Adds capacitor C45 to the acquisi- 
tion AFC to eliminate noise pick- 
up. System serial nos. 1001 
through 1246 are affected. 


Prevents destruction of timing re- 
lays in the clectro-mechnical con- 
trol box. System serial nos. 1071 
through 1806 are affected. 


Changes resistor R3 on the delay 
amplifier to 56 ohms to enable 
amplifier in the moving target in- 
dicator (MTI) circuit to operate 
with Ord 7 delay lines. System 
serial nos. 1001 through 1006 are 
affected. 


Adds selective indentification facili- 
ties and incorporates Mark XI 
Identification Friend or Foe 
(IFF) equipment; also adds trig- 
ger pulse generator. System serial 
nos. 1001 through 1090 are af- 
fected. 


Adds shielded wires, corona 
shield, and a new tube socket to 
eliminate high voltage arc-over 
in the PPI and prevents loss of 
gates due to transients, System 
serial nos. 1001 through 1070 are 
affected. 


Interchanges two wires so that fuse 
circuits will function to agree 
with engraving on the fuse and 
control panel in the recorder and 
switchboard cabinet, System serial 
nos. 1001 through 1031 are af- 
fected. 


‘Adds suppression circuits to the ac- 
quisition radar system to reduce 
interfering signals and noise. 
System serial nos, 1001 through 
1246 are affected. 


Modifies sweep and symbol circuits, 
range unit, and PPI marker gen- 
erator for extended range on PPI 
in director station group. System 
serial nos, 1001 through 1048 are 
affected. 


¥28-W23 


‘¥28-W24 


‘¥28-W29 


‘Y¥28-We0 


‘Y28-W32 


‘Y28-W85 
and 
Y¥89-W23 


‘Y¥28-W37 


Y28-W44 


9-1400-261-30 


9-1430- 
251-30/8 


9-1400-291-30 


9-1430- 
264-80/1/1 


9-1430-263- 
30 


Reduces 6901 tube failures, improves 
diodes, and increases stability. 
Systems 1001 through 1266 are 
affected, 


Provides calibration voltage for PPI 
adjustment and provides a means 
of adjustment +250 or +160 volt 
regulator. Systems 1001 through 
1218 are affected. 


Adds a video clamper to PPI. Sys- 
tems 1001 through 1306 are af- 
fected. 


Corrects wiring in the FUIF inter- 
connecting box and cover. Systems 
1001 through 1183 are affected. 


Modifies the acquisition-track syn- 
chronizer to prevent loss of syne 
pulses. System 1001 through 1266 
are affected. 


Adds facilities to permit use of ra- 
dar signal simulator (selected 
systems). 


Converts electronic gate to plug-in 
unit to improve assembly and 
maintenance. 


Eliminates cross-talk and resultant 
degradation of system MTI. Also 
eliminates mechanical interference 
between door and cover plate on 
the director station group. 


Converts 2 NIKE-HERCULES Sys- 
tem to an Improved NIKE-HER- 
CULES System (selected sys- 
tems). 


Adds radar bomb scoring facilities 
(selected systems). 


Adds HIPAR AJD capabilities to 
Improved NIKE-HERCULES 
systems. System suffix serial nos. 
OUL through 028 are affected, 


Prevents acquisition primary act- 
uator motor from coasting. Sys- 
tems 1807 through 1862 are af- 
fected. 


Adapts the radar course directing 
central (RCDC) to accept aux- 
iliary acquisition radar (selected 
systems). 


ce 


Table 2 (U). MWO Changes—Continued 


MWO No. Deseription 
| 9-1400- Provides antijam display (AJD) cepa- 
268-50 bility to NIKE-HEROGULES Ac- 
quisition Radar system. May be 
installed with or without AAR. 
(Selected systems.) 
9-1430- Minimizes 400-cps heat frequency inter- 
251-30/14 ference between Auxiliary Acquisi- 
tion Radar or HIPAR and Improved 
NIKE-HERCULES system. (INH 
suffix serial numbers 001 through 
074.) 
9-1430- Modifies feedback circuit in control- 
251-30/11 indicator so acquisition range rate 


may be factory adjusted to desired 
limits. (Systems: HERCULES 1001 
through 1362; INH, All} 


5 (U). Nomenclature 

Table II contains an alphabetical listing of 
technical manual (TM) nomenclature used in 
this manual with a cross-reference to official 
nomenclature. It should be noted that items 
having identical TM and official nomenclature 
have not been included in the table. 


Table lt (Uj). Nomenclature Cross-Reference 


‘TM nomenclature 


Official nomenclature 


4-ke oscillator ... 
5-minute delay timer ... 
15-minute delay timer 
20-30-second delay 


timer. 


—28v power supply .... 
+250 or +150 volt 


regulator. 


—250, +250, or +160 
volt regulator. 


Audio frequency oscillator 
Interval timer 

Interval timer TD-115/M 
Interval timer TD-114/M 


Power supply 
Voltage regulator 


Voltage regulator CN- 
281/M 
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Table II (U). Nomenclature Cross-Reference— 
Continued 


TM nomenciature 


Official nomenclature 


+270v, —28v, and +75y 
or +175v power sup- 
ply. 

£320v or +220v power 
supply. 

—1000v power supply 

Acquisition §-minute 
delay timer. 

Acquisition AFC , 

Acquisition antenna . 

Acquisition antenna . 

Acquisition antenna 
drive. 

Acquisition antenna 
pedestal, 

Acquisition antenna 
pedestal, 

Acquisition control- 


indicator, 


Acquisition duplexer 
Acquisition HV power 
supply, 
Acquisition 

fier, 
Acquisition 
plifier. 
Acquisition modulator. 
Acquisition orientation 
level. 
Acquisition power con- 
trol panel. 
Acquisition range gen- 


IF ampli- 


IF pream- 


Acquisition receiver- 
transmitter. 


Power supply PP-1161A/M 


Power supply PP-1160B/M 


Power supply 
Interval timer 


Receiver control 
Antenna AT-779/T 
Antenna AS-980/T 
Antenna drive 


Antenna pedestal AB-545/T 

Antenna pedestal AB-544/T 

Control-indieator 

Control-indieator (acquisi- 
tion and [FF). 

Duplexer 

Power supply 

Intermediate frequency am- 
plifier AM-1062/MS. 

Intermediate frequency am- 
plifier AM-1059/MS. 

Radar modulator MD-311/T 

Surveying level TS-844/MS 

Power distribution panel 

Pulse generator 


Pulse-sweep generator 


Radar receiver-transmitter 
RT-430/T. 
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TM nomenclature 


Acquisition RF power 
supply control. 

Acquisition slip ring —- 

Acquisition trigger am- 
plifier. 

Acquisition-track syn- 
chronizer. 

Auxiliary acquisition 
coaxial relay 
assembly. 

Auxiliary acquisition 
control interconnect= 
ing group. 

Auxiliary acquisition 
control interconnect- 
ing box, 

Auxiliary acquisition 
interconnecting box. 

Auxiliary acquisition 
interconnecting box 
cover, 

Auxiliary acquisition 
relay assembly. 

Azimuth sweep genera- 
tor mixer stage. 

Battery control console. 


Battery control console. 


Battery control 
connecting box. 

Battery control inter- 
connecting box hous- 
ing. 

Carrier oscillator -. 

Compressor 


inter- 


Delay amplifier _ 


Director station group. 
Director station group. 


Electro-mechanical con- 
trol box. 

Eleetro-mechanical con- 
trol panel. 

Equipment cooling fan 

Equipment cooling cab- 
inet. 


FUIF fixed attenuator 
FUIF interconnecting 
box. 


FUIF interconnecting 
box eover. 

FUIF relay assembly - 

HIPAR auxiliary con- 
trol-indicator. 
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Table H (U)}. Nomenclature Cross-Reference—Continued 


‘TM nomenclature Official nomenclature 
HIPAR control-indica- | Control-indieator 


Official nomenciature 


Power supply control 


Slip ring 
Trigger amplifier 


Electrical synchronizer 


Relay assembly 


Control interconnecting 
group. 


Interconnecting box 


Interconnecting box 


Interconnecting box cover. 


Relay assembly 


Sweep control mixer stage 
CV-318/M. 

Battery control console 
OA-1481/MSA-19, 

Guided missile battery control 
console. 

Interconnecting box J-850/ 
MSA-19. 

Junction box housing 


Radio frequency oscillator 

Motor driven reciprocating 
compressor. 

Intermediate frequency am: 
plifier. 

Guided missile director sta- 
tion group. 

Director station group OA- 
1480/MSA-19. 

Control box 


Control panei 


Centrifugal fan HD-167/M 
Electrical equipment cabinet 


Fixed attenuator 

Interconnecting box J-851/ 
MSA-19, 

Interconnecting box cover 
CW-439/MSA-19. 

Relay assembly 

Control-indicator 


tor. 

HIPAR resolver empli- 
fier. 

Hydraulic contro] relay 
assembly. 

IPF control-indicator — 

Interference suppressor 
pulse amplifier-gen- 
erator. 

LOPAR auxiliary ¢on- 
trol-indicator. 

LOPAR control-indica- 
tor. 

LOPAR relay assembly 


Low-power servo ampli- 
fier. 

Mark generator ____._ 

Modulator control-indi- 
eator. 

Modulator control-indi- 
ecator. 

MTI delay line _. 

MTI delay line - 

MTI oscilloscope _ 

MTI synchronizer 

MTI video amplifier _ 

PPI .. 


PPI de amplifier ___ 
PPI HV power supply_ 
PPI marker generator. 
PPI test panel ____._ 
PPI video amplifier __ 
Precision indicator ___ 
Precision mark gen- 
erator, 
Precision video am- 
plifier. 
Primary actuator ___ 
Primary actuator _... 


Primary hydraulic 
eylinder, 


Range sweep generator 
Range sweep generator 
Remote control circuit 


Resolver amplifier ____ 
Resolyer-yideo ampli- 


fier. 
Rotary coupler = 


Secondary actuator 


Eleetronie control amplifier 
Relay assembly 


Control-indicator 
Amplifier-generator 


Control-indicator 
Control-indieator 


Low power acquisition radar 
relay assembly. 

Electronic control amplifier 
AM-1056/M. 

Pulse generator 

Control-indicator 


Control-indicator (modula- 
tor). 

Delay line 

Delay line (ultrasonic) 

Oscilloscope 

Electrical synchronizer 

Video amplifier 

Azimuth and range indica- 
tor. 

Direct current amplifier 

Power supply 

Electronic marker generator 

Electrical test panel 

Video amplifier 

Azimuth and range indicator 

Pulse generator 


Video amplifier AM-1076/M 


Electro-mechanical actuator 

Electro-mechanical actuator 
(primary)- 

Antenna reflector hydraulic 
cylinder. 

Sweep generator O-294A/M 

Sweep generator 

Guided missile remote control 
eireuit MX-2631/MS, 

Electronic control amplifier 
AM-1057/MS. 

Electronic control amplifier ] 


Radio frequency rotary cou- 
pler. 
Electro-mechanical actuator 
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Table 1 (U). Nomenclature Cross-Reference— 
Continued 
‘TM nomenclature Otticial nomenclature 


Secondary actuator Electromechanical actuator 


(secondary). 
Secondary hydraulic | Antenna reflector hydraulic 
cylinder. cylinder. 
SIE ee Receiver control 


Target designate Control-indicator 
control-indicator. 
Trigger pulse amplifier. 
Video and mark mixer. 
Video and mark mixer. 


Generator amplifier 
Video signal mixer 
Video mixer 


6 (U). Forms, Records, and Reports 

a. General. Responsibility for the proper execu- 
tion of forms, records, and reports rests upon the 
commanding officers of all units maintaining chis 
equipment. However, the value of accurate records 
must be fully appreciated by all persons responsible 
for their compilation, maintenance, and use. Rec- 
ords, reports, and authorized forms are normally 
utilized to indicate the type, quantity, and condi- 
tion of the materiel to be inspected, to be repaired, 
or to be used in repair. Properly executed forms con- 
vey authorization and serve as records for repair or 
replacement of materiel in the hands of troops and 
for delivery of materiel requiring further repair to 
ordnance shops in arsenals, depots, etc. The forms, 
records, and reports establish the work required, 
the progress of work within the shops, and the 
status of materiel upon completion of its repair. 

&. Authorized Forms, The forms generally appli- 
cable to units operating this materiel are listed in 
the appendix. For a listing of blank forms, refer to 
DA Pam 310-2. For instructions on use of these 

|] forms, refer to FM 9-3 and FM 9-4. 

¢. Field Report of Accidents. The reports neces- 
sary to comply with the requirements of the Army 
safety program are prescribed in detail in AR 385- 
40. These reports are required whenever accidents 
involving injury co personnel or damage to materiel 
occur. 

ad, Report of Unsatisfactory Equipment or Ma- 
terials, Any deficiencies detected in the equipment 
covered herein, which occur under the citcum- 
stances indicated in AR 700-38, should be immedi- 
ately reported in accordance with the applicable in- 
structions in cited regulation, 

e, Report of Errors or Omissions. Any errors or 

| omissions will be brought to the atvention of the 
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Commander, Army Rocket and Guided Missile 
Agency, U. S, Army Ordnance Missile Command, 
Redstone Arsenal, Alabama, ATTENTION: 
ORDXR-FMPT, using DA Form 2028. 

f. Report of Failure or Replacement of Parts. In 
order to comply with the requirement in AR 700-37, | 
report every part that fails, or is replaced, on DA 
Form 9-110, Guided Missile Component Evaluation 
Data Report, and forward the form in accordance 
with its instructions. 


7 (U). Hlustrations 

Schematic illustrations of the equipment covered 
by this manual are contained in T'M 9-1430-257-20/1, 
Simplified schematics and block diagrams illustrate 
complex circuits or show relationships between unit 
chassis. Photographs and line drawings show special 
details that cannot be adequately explained by text 
or by schematic representation, 


8 (U). Waveforms 

‘Waveforms are included on the block diagrams 
and simplified schematic diagrams contained in this 
manual, These waveforms are ideal and may differ 
from actual observed waveforms which ate taken 
on the equipment and which appear on the sche- 
matic diagrams of TM 9-1430-257-20/1. The theo- 
retical amplitude and duration of these ideal wave- 
forms, expressed in text, may also differ from those 
shown on the schematic. 


9(U). Differences Among Models 

a. General. There are differences among models 
that exist because of production changes not covered 
by MWO's. This manual provides coverage of these 
differences, at chassis level, in the appropriate para- 
graph of the text. 

b. Methods of Coverage. 

(1) Differences among models are covered by 
four methods. If the differences among 
models of a chassis are extensive, the ear- 
lier (or oldest) model is covered first, fol- 
lowed by a paragraph about the later mod- 
el. For identification purposes, the title of 
each paragraph contains the ordnance part 
number of the chassis, 

(2) Where the differences among models of a 
chassis are less extensive, both models are 
covered in the same paragraph. The ear- 
lier model is covered in detail. All chassis 
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ordnance part numbers are used in the title 
of the paragraph to identify the chassis 
under discussion. A subparagraph is then 
ptovided to explain how the later model 
differs from the earlier model. The ord- 
nance pare number of the tater model is 
included in the subparagraph title. 


{3) In instances when differences among mod- 


els can be explained in a few sentences, the 
earlier chassis is discussed and the later 
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chassis differences given at appropriate 
points in the discussion. All ordnance part 
numbers are given in the paragraph head- 
ing. 

Where differences among models exist but 
there has been no change in ordnance num- 
ber, the chassis is explained as it was prior 
to the change. Then a subparagraph en- 
titled Differences among models is includ- 
ed to explain the differences. 
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CHAPTER 2 
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DIRECTOR STATION GROUP 


10. Acquisition IF Amplifier 7621810 

a. General. The acquisition IF amplifier in- 
ereases the signal level of the echo signals and 
provides protection against certain types of pulse. 
jamming and all continuous wave jamming. 

b. Detailed Theory. 


(1) 


(2) 


The 60-megacycle IF signals are coupled 
through connector J1 and capacitor C1 
(fig. 37, TM 9-1480-257-20) to imped- 
ance-matching transformer Ti. This 
double-tuned transformer is used for in- 
terstage coupling, It resonates with the 
circuit capacitance at 60 megacycles. The 
desired 4-megacycle bandpass is obtained 
by over-coupling the primary and see- 
ondary windings, and loading the second- 
ary windings with resistor Rl. Over- 
coupling produces a steep-sided bandpass 
curve. Resistor Ri lowers the “Q” of the 
secondary circuit and thus produces the 
bandpass for the desired frequencies. 
The windings of T1 are factory set. for 
the desired output by physically position- 
ing the windings; they cannot be read- 
justed in the field. 

The 60-megacycle IF signals at the con- 
trol grid of IF amplifier V1 are amplified 
by V1 and applied across the primary of 
transformer T2. Resistor R83 across the 
primary of T2 performs the same func- 
tion as R1 across the secondary of T1, 
and T2 the same function as Tl. The 
plate, grids, and filament of V1 are de- 
coupled from the power supplies by 
resistive-capacitive and inductive-capaci- 
tive networks. Capacitors C2, CT, C14, 
C19, C26, C31, COA, C22A, C34A, CHA, 
and C49, and resistors R4, R11, R12, R19, 
R27, RB, R35, R48, R44, R52, and R6O 
are decoupling networks for the control 


grids of Vithrough V6. Capacitors C4, 
C9, C18, C21, C28, C33, CLOB, C22B, 
C34B, C41B, and C50, and resistors 5, 
R13, R21, R29, R37, R45, R54, and R58 
are decoupling networks for the screen 
grids and plates of V1 through V6. In- 
ductors L4 through L11 and capacitors 
C58 through C61 are decoupling net- 
works for the filaments of V1 through V8. 
The decoupling networks prevent V1 
through V8 from breaking into continu- 
ous wave oscillations which would other- 
wise occur in interstage coupling. 
Since medium-gain, low-noise, voltage 
amplifiers V1 through V6 are identical, 
the same detailed theory outlined for Vi 
applies for the remaining five stages. 
Protection from jamming is accom- 
plished by providing IF amplifiers V1 
through V6 with a back-bias facility, 
which causes the stage bias to increase. 
during the time that jamming signals are. 
received. Each of the first six stages 
contains a 12,000-ohm cathode resistor 
bypassed by a 500-micromicrofarad ca- 
pacitor. When pulse jamming signals 
longer than 6 microseconds or continuous 
wave jamming signals are received, the 
bypass capacitor accumulates sufficient. 
charge to shift the operating point of the 
tube toward cutoff. This results in de- 
ereased amplification of the jamming 
signal. Since this attenuation is additive 
through six stages, the jamming signal 
is greatly minimized. Target video 
signals receive near normal amplification, 
however, since they are effectively super- 
imposed on the jamming signal and fall 
in the linear portion of the tube charac- 
teristic curve, 
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{4) The output signal from IF amplifier 
V6 is coupled through transformer 
T7 to high-gain IF power amplifier 
V7. This stage contains a power pen- 
tode tube using a low value of cathode 
resistance. It provides sufficient power 
to drive bypass MTI video detector 
V8A and bypass video detector V8B. 
The 60+-4-megacycle IF signal from 
V7 is coupled through transformer 
T8 to the plate of V8A and the cath- 
ode of V8B. Detectors V8A and V8B 
conduct on opposite cycles of the in- 
put signal and charge capacitors C45, 
C47, and C48 in their respective filter 
networks, Between cycles, these ca- 
pacitors discharge through inductors 
L1 and L2 which present a high im- 
pedance to 60 megacycles. In this 
manner the capacitors maintain a 
polarized charge for approximately 
1.3 microseconds and then discharge 
rapidly between pulses. This action 
provides a negative bypass video out- 
put and a positive MTI video output 
to the MTI system. 


10.1 (U). Main Acquisition IF Amplifier 
9990755 
a. General. The main acquisition IF ampli- 
fier increases the signal level of the echo sig- 
nals and eliminates or reduces the effects of 
strong transmission jamming signals. 
b. Detailed Theory, 

(1) The 60-megacycle IF signals are eou- 
pled through connector J1, developed 
across resistor R6, and coupled 
through resistor R7 and capacitor C1 
(fig. 87.1, TM 9-1480-257-20) to im- 
pedance-matching transformer T1 
which is tuned to resonate at the in- 
termediate frequency. The desired 
bandpass is obtained by overcoupling 
the windings, to produce a steep-sided 
bandpass curve, and by loading the 
secondary with resistor Ri to lower 
the “Q” of the circuit. The windings 
of Tl are factory adjusted for the de- 
sired output and cannot he readjusted 
in the field, 

(2) The 60-megacycle IF signals at the 
T1 secondary are applied to the con- 
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trol grid of amplifier V1 where they 
are amplified and applied across the 
primary of transformer T2. The func- 
tions of resistor R3 and of T2 are the 
same as of Rl and T1. Capacitors C2, 
C7, C14, C19, C26, C42, C48, C44, C51, 
and C38, and resistors R4, R11, R12, 
R19, R27, R28, R35, R44, R52, and 
R60 are decoupling networks for the 
control grids of V1 through V5. Ca- 
pacitors C4, C9, C16, C21, C28, C10A, 
C10B, C22A, C22B, C31, C34A, and 
C34B, and resistors R5, R13, R14, 
R20, R21, R29, R30, R36, R37, R38, 
and R48 are decoupling networks for 
the sereen grids and plates of V1 
through V5. Inductors L4 through 
L10 and capacitors C53 through C60 
are decoupling networks for the fila- 
ments of V1 through V7. The decou- 
pling networks prevent the tube stages 
from breaking into continuous wave 
oscillations, 

Since medium-gain, low-noise, volt- 
age amplifiers Vi through V5 are iden- 
tical, the same detailed theory outlined 
for V1 applies for stages V2 through 
V5. Protection from jamming is ac- 
complished by providing IF amplifiers 
V1 through V5 with a back-bias facil- 
ity, which causes the stage bias to in- 
crease during the time that jamming 
signals are received. Each of the first 
five stages contain a 12,000 ohm cath- 
ode resistor bypassed by a 500-micro- 
microfarad capacitor. When pulse 
jamming signals longer than 6 mi- 
eroseconds or when continuous wave 
jamming signals are received, the by- 
pass capacitor accumulates sufficient 
charge to shift the operating point 
of the tube toward cutoff. This action 
results in decreased amplification of 
the jamming signal. Since this atten- 
uation is additive through five stages, 
the jamming signal is greatly mini- 
mized. Target video signals receive 
near normal amplification, however, 
since they are effectively superimposed 
on the jamming signal and fall in the 
linear portion of the tube characteris- 
tic curve, 


(4) 


cB 
(5) 
(6) 


The output signal from IF amplifier 
V5 is coupled through transformer T6 
to IF amplifier V6. This is a low 
noise high-gain amplifier stage. It pro- 
vides isolation between high-gain IF 
power amplifier V7 and IF amplifier 
stages V1 through V5. The operation 
of this stage is similar to the operation 
of stages V1 through V5. The cath- 
ode is bypassed by C32. Capacitor C61 
and resistor R39 decouple the —250- 
volt power supply. Capacitor C33 is 
the screen grid and plate bypass ca- 
pacitor. Resistors R45, R54, R58, and 
R58, and capacitors C41A, C41B, and 
C49 are decoupling networks for the 
screen grids and plates of V6 and V7. 
The output of IF amplifier V6 is cou- 
pled through transformer T7 to high- 
gain power amplifier V7. This stage 
contains a power pentode tube using a 
low-value cathode resistor. The IF 
signal is coupled through transformer 
T8 to semiconductor diode detectors 
CR1 and CR2 which conduct on oppo- 
site half-cycles of the input signal 
charge capacitors C47, C48, C45, and 
C46 in their respective filter networks. 
Between charges, these capacitors dis- 
charge through inductors L1 and L2. 
The 60-megacycle IF is blocked by the 
high impedances of L1 and L2, but is 
shunted to ground through the low 
impedances of C47 and C45. The 
pulse developed across resistor R56 
when C45 and C46 discharge is cou- 
pled through resistor R55 to the noise 
measuring circuit. 

Video signals detected by CR2 are 
developed across resistor R57 and 
coupled to the grid of amplifier V8, 
from which two outputs are obtained. 
A positive video is developed across 
cathode resistor R61 and applied 
through connector P2-10 to the MTT 
circuits. A negative bypass video is 
developed across the plate load resis- 
tor which is located in the fast AGC 
amplifier (fig. 26.2, TM 9-1430- 
257-20). 
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11 (U). Carrier Oscillator 8513287 

a. General. The carrier oscillator generates 
a 15-megacycle carrier suitable for modulation 
by combined test, MTI video, and preknock 
pulses. It establishes the delay video and non- 
delay video channel for the above pulses. 

b. Detailed Theory. 

(1) To accurately reproduce the MTI video 
pulses, a crystal transducer located in 
the MTI delay line must. be excited by 
a 15-megacycle carrier modulated by 
the MTI video pulses. This carrier 
frequency is generated by oscillator 
V3 (fig. 35, TM 9-1480-257-20). The 
LC network, consisting of inductor L3, 
oscillator frequency variable capacitor 
C16, and capacitor C20, is a Hartley- 
tuned tank and is tuned to 15 mega- 
cycles. Adjustment of C16 is made 
using battery type 4 test equipment. 
The output from the tank is coupled 
through capacitor C12, developed 
across resistor R18, then applied to the 
control grid of V3. Resistor R17 is the 
dropping resistor for the plate of V3, 
and capacitor C11 decouples the plate 
and screen grid from the power sup- 
ply. The output from V3 is coupled 
through capacitor C7 to the junction of 
resistors R12, R18, and the control 
grid of modulator V1. 

(2) A 6-volt, 7-microsecond test pulse is 
applied through connector J2 and iso- 
lating resistor R6 to the junction of re- 
sistors R7 and R8. Capacitor C2 by- 
passes transient voltages to ground. 
Also, a video pulse is applied through 
connector P1-9 to MOD ADJ variable 
resistor R1. The positioning of R1 
determines the percentage of video 
modulation on the carrier; an ampli- 
tude of video equal to the amplitude of 
the test pulse (100 percent mod- 
ulation) is desirable. The adjusted 
video is applied through isolating re- 
sistor R5 to the junction of R7 and 
R8. The combined video and test pulses. 
are developed across R7 and applied 
through R8 to the suppressor grid of 
modulator V1. These pulses modulate 
the 15-megacycle carrier in V1 and 
are applied from the plate through 
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10.2 


(3) 


coupling capacitor C6 to amplifier V2, 
until V1 is cut off by a preknock pulse. 
The preknock pulse enters the unit at 
connector J1 and is inverted in trans- 
former T1 to give a negative pulse at 
the suppressor grid of V1, At J1 the 
preknock pulse is positive and has a 
40-volt amplitude and a 1-microsecond 
duration. An inverted facsimile of this 
pulse is applied from terminal 4 of T1 
through resistors R2 and R3 of the T 
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filter, composed of R2, R38, and capa- 
citor C1, to the cathode of isolating 
diode CR1. The forward resistance of 
CR1 is negligible and passes the nega- 
tive preknock pulse which is then de-/ 
veloped across R7 and applied through 
R8 to V1. At the suppressor grid, the 
preknock pulse is large enough to cut 
V1 off for the duration of the pulse, 
thereby blocking the 15-megacyele car- 


(4 


(5 


(6 


) 


rier and producing a positive output. 
pulse from V1. 

The operating point for the suppressor 
grid of V1 is set by means of LEVEL 
ADJ. variable resistor R22. This point 
is determined by the voltage divider con- 
sisting of resistors R22, R9, R8, and R7. 
Since the divider is inserted between 
—250 volts and ground, it applies be- 
tween —2.3 and —4.4 volts bias at the 
suppressor grid of V1. This dc level con- 
trols the amplitude of the carrier and is 
isolated from T1 by the high back resist- 
ance of CR1. When no preknock pulse is 
applied, the T filter network consisting 
of R2, R3, and Cl completes the circuit 
for the secondary of T1 and bypasses any 
spurious line noises that may be present 
in the input of Tl. During application 
of the preknock pulse, the T filter net- 
work prevents overshooting and ringing 
from entering the input network of V1. 
The test pulse and the preknock pulse 
appear with the MTI video pulse as part 
of the 15-megacycle RF modulation on 
the plate of V1. Resistor R10 is a para- 
sitic suppressor, and C3 and C4 are by- 
pass capacitors. The screen voltage is 
dropped by resistor R4 and maintained 
at a fixed potential by capacitor C5, The 
modulated-carrier output is of low am- 
plitude, due to the low value of plate 
load resistor R11. Carrier shift can oc- 
cur due to the instability of oscillator 
V3. However, the effect is negligible 
since the external MTI delay line has a 
broad bandpass. The modulated 15- 
megacycle carrier is applied through ca- 
pacitor C6 to V2. 

The composite signal is developed across 
inductor L1 which is broadly tuned to 
avoid loss of video due to the carrier shift, 
Cathode resistor R15 is bypassed by ca- 
pacitor C8; the remainder of V2 stage 
components are similar to counterparts 
in modulator V1. The output from V2 
is coupled through capacitor C9 to delay 
amplifier V4, the components of which 
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are similar to those of V2 with the 
exception of plate load resistor R23 and 
delay video bandwidth variable inductor 
L4. Resistor R23 across L4 broadens the 
bandwidth. Resistors R19 and R20 are 
parasitic suppressors. Capacitors C14, 
Ci5, C17, and Ci8 are decoupling capaci- 
tors which keep the RF from the power 
supply. The modulated carrier output 
from V4 is coupled through capacitor C21 
to connector P2 and to the input network 
of nondelay amplifier V5. Delay video 
bandwidth variable inductor L5, together 
with resistors R24 and R25, form a broad 
bandwidth network at the input of V5. 
The network also maintains broad band- 
width in the circuits connecting the out- 
put of V4 with the external MTI delay 
line, 


(7) Only a small value of the composite sig- 


nal is developed across resistor R25 and 
applied to the grid of V5. Resistor R24 
limits grid current which reduces the 
loading effect on V4. The composite sig- 
nal is inverted in V5 and reinverted in 
transformer T2, Resistor R27 across the 
primary winding of T2 broadens the 
bandwidth. The 15-megacycle com- 
ponent is removed from the composite 
signal in the full-wave rectifier composed 
of transformer T2, diodes CR2 and CR3, 
and capacitor C27 and nondelay video 
bandwidth variable capacitor C35. Ca- 
pacitor C26 equalizes the potential be- 
tween the cathodes of CR2 and CR8 with 
respect. to the center tap of T2. The 
diodes conduct on alternate RF cycles; 
the current path is through C27 and 
35, ground, and the center tap of T2 
to the cathode of the respective diode. 
These alternate paths filter out the 15- 
megacycle carrier and offer a high im- 
pedance to the short duration test, MTT 
video, and preknock pulses. These 
pulses encounter a low impedance at 
the load connected through connector 
JB. 


(8) Nondelay amplifier V5 has a bandwidth 


VW 
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equal to the 2-megacycle bandwidth of 
the external crystal transducer in the 
MTI delay line. Capacitor C35 is ad- 
justed to maintain this bandwidth in 
the circuits connecting the output of 
V5 to the input impedance of the ex- 
ternal MTI synchronizer. Connector 
J4 is a test point for external monitor- 
ing and R29 is a dropping resistor 
used to protect the external carrier 
level meter located on the MTI oscillo- 
scope connected at P1-1 and 7. The 
nondelay output at J3 is a complex 
waveform containing a positive pre- 
knock pulse, negative test pulse, and 
MTI video pulses referenced at —4 
volts de. Because the negative, 7-mi- 
crosecond test pulse is longer than the 
preknock or MTI video pulses, an aver- 
age de value (—4 volts) is created by 
the full-wave rectifier conduction dur- 
ing the time the test pulse is applied. 
Therefore, the output waveform at J3 
is referenced at —4 volts de, 


11.1 (U). Delay Line Driver 9990570 

a. General. The delay line driver generates 
a 15-megacycle carrier suitable for modula- 
tion by combined test, MTI video, and pre- 
knock pulses during MTI or interference sup- 
pressor (IS) operation. During video proces- 
sor operation, the delay line driver has two 
separate inputs, pre-MTI video and processor 
feedback, and two corresponding outputs. Dur- 
ing MTI or IS operation the delay line driver 
uses a single input and provides two outputs. 
In either case, one output is non-delayed video 
and the other is an amplitude modulated 15- 
megacycle carrier used to drive the external 
delay line. 

b. Detailed Theory. 

(1) To accurately reproduce the MTI 
video pulses or the processor feedback 
video, a crystal transducer located in 
the MTI delay line must be excited by 
a 15-megacycle carrier modulated by 
the MTI video or the processor feed- 
back video. This carrier frequency is 
generated by oscillator V8 (fig. 35.1, 
TM 9-1430-257-20), The LC network, 
consisting of inductor L3, oscillator 
frequency variable capacitor C16, and 
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capacitor C17, is a Hartley-tuned tank 
and is tuned to 15-megacycles. Adjust- 
ment of C16 is made using battery 
type 4 test equipment. The output 
from the tank is coupled through ca- 
pacitor C82, developed across resistor / 
R30, then applied to the control grid 
of V8. Resistor R29 is the plate drop- 
ping resistor and capacitor C15 de- 
couples the plate and screen grid from 
the power supply. The output from V3 
is coupled through capacitors C13 and 
C14 to the control! grids of modulators 
V1 and V7. 


The delay line driver is divided into 
two channels. Channel 1 is composed 
of V6B, V7, and V8. Channel 2 is 
composed of V6A, V1, V2, and V4. 
V5 is common to both channels. A 6- 
volt, 7-microsecond test pulse is ap- 
plied through connector J2 and iso- 
lating resistor R24 to CR7 and to ca- 
pacitor C45, which bypasses transient 
voltages to ground. A video pulse is 
applied through connector P1-9 to 
MOD ADJ variable resistor R1, which 
controls the percentage of carrier | 
modulation, and which is adjusted for 
a desired video output from cathode 
follower V6B equal in amplitude to the 
test pulse (100-percent modulation). 
The video pulse is applied from the 
brush arm of R1 to the diode gate 
switch consisting of CR1 through 
CR4. A 23-microsecond gate pulse is 
applied through connectors P1-10 and 
P1-12 which opens the diode gate 
switch during the preknock to syne 
period, effectively removing all signal 
and noise from the input and permit- 
ting the test pulse to be inserted dur- 
ing a noise free period to enable the 
MTI AGC to function properly. The 
test pulse is inserted simultaneously 
in both channels so that the MTI AGC 
functions properly in the video proces- 
sor mode as well as the MTI mode. At 
the expiration of the video gate pulse, 
video is applied through the now 
closed diode gate switch and is de- 
veloped across resistor R4, Diode CR5 
shunts the negative portions of the 
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video to ground so that only positive 
video is applied to the grid of cathode 
follower V6A, 

The positive output from cathode fol- 
lower V6A is developed across resistor 
R45, coupled through resistors R46 and 
R48 to the suppressor grid of modu- 
lator V1. The positive preknock pulse, 
applied through connector J1 is in- 
verted in transformer T1 and applied 
from terminal 4 of T1 through resis- 
tors R22 and R23 of the T filter, com- 
posed of R22, R28, and C12, to the 
cathode of isolating diode CR7. The 
forward resistance of CR7 is negli- 
gible and passes the negative pre- 
knock pulse which is then developed 
across R47 and applied through R48 
to the suppressor grid of V1. At the 
suppressor grid, the preknock pulse 
is large enough to cut off V1 for the 
duration of the pulse, thereby block- 
ing the 15-megacycle carrier and pro- 
ducing a positive output pulse from 
Vile 

The operating point for the V1 sup- 
pressor grid is set by means of CHAN 
2 CARRIER LEVEL ADJ variable 
resistor R25, which varies the grid 
bias between —2.3 and —44 volts, 
thereby controlling the carrier ampli- 
tude, R25 is part of a voltage divider, 
consisting also of R26, R47, and R48 
which is connected between —250 volts 
and ground, and which is isolated from 
T1 by the high back resistance of CR7. 
When no preknock pulse is applied, the 
T filter network consisting of R22, 
R23, and C12 completes the circuit for 
the secondary of T1 and bypasses any 
spurious line noises that may be pres- 
ent in the input of T1. During appli- 
cation of the preknock pulse, the T 
filter network prevents overshooting 
and ringing from entering the input 
network of V1. 

The test pulse and the preknock pulse 
appear with the MTI video pulse ag 
part of the 15-megacycle RF modula- 
tion on the plate of V1. Resistor R50 
is a parasitic suppressor, and C25 
and O24 are bypass capacitors. The 
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screen voltage is dropped by resistor 
R49 and maintained at a fixed poten- 
tial by capacitor C24. The modulated 
earrier output is of low amplitude, due 
to the low value of plate load resistor 
R51. The modulated 15-megacycle 
carrier is applied through capacitor 
C26 to the control grid of amplifier V2. 


(6) The composite signal is developed 


(7) 


(8) 


across inductor L1 which is broadly 
tuned to avoid loss of video due to 
the carrier shift. Cathode resistor R55 
is bypassed by capacitor C27: the re- 
mainder of V2 stage components are 
similar to counterparts in Vl. The 
output from V2 is coupled through ca- 
pacitor C29 to amplifier V4, the com- 
ponents of which are similar to those 
of V2 with the exception of plate load 
resistor R58 and inductor L4. Resis- 
tor R58 across L4 broadens the band- 
width. Resistor R56 is a parasitic sup- 
pressor. Capacitor C30 is a decoupling 
capacitor which keeps RF from the 
power supply. The modulated carrier 
output from V4 is coupled through ca- 
pacitor C83 to connector P2 and to the 
input network of amplifier V5. Vari- 
able inductor L5, together with resis- 
tors R60 and R61, form a broad band- 
width network at the input of V5. 
The input network to the grid of V5 
is composed of switching diodes CR& 
and CR9 and inductor L9. Switching 
diodes CR8 and CR9 are switched by 
contacts 1, 2, and 6 of relay K1. When 
K1 is deenergized, —118 volts is ap- 
plied from the voltage divider com- 
posed of resistors R381 and R32 be- 
tween —250 volts and ground through 
contacts 1 and 6 of K1, inductor L12 
and resistor R86 to the cathode of 
CR9. The —118 volts is also applied 
through resistor R85 to the anode of 
CR8. This action causes CR to con- 
duct and it appears as a short circuit. 
At the same time CR8 is back biased 
and appears as an open circuit to the 
signals from V8. 

Only a small value of the composite 
signal is developed across resistor 
R61 and applied through capacitor 
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(10) 


12.2 


C34 to the grid of V5. The composite 
signal is inverted in V5 and reinverted 
in transformer T2. Resistor R39 
across the primary of T2 broadens the 
bandwidth. The 15-megacycle compo- 
nent is removed from the composite 
signal in the bi-phase half-wave recti- 
fier composed of transformer T2, 
diodes CR16 and CR17, and capacitor 
C22, Capacitor C21 equalizes the po- 
tential between the cathodes of CR16 
and CR17 with respect to the center 
tap of T2. The diodes conduct on alter- 
nate RF cycles; the current path is 
through C22, ground, and the center 
tap of T2 to the cathode of the respec- 
tive diode. The alternate paths filter 
out the 15-megacycle carrier and offer 
a high impedance to the short duration 
test, MTI video, and preknock pulses, 
These pulses encounter a low imped- 
ance at the load connected at J3. Re- 
sistor R40 is a dropping resistor used 
to protect the external meter con- 
nected through connector P1-7. The 
output at J3 is a complex waveform 
containing a positive preknock pulse, 
negative test pulse, and MTI video 
pulses referenced at —4 volts de. Be- 
cause the negative, 7-microsecond test. 
pulse is longer than the preknock or 
MTI video pulses, an average de value 
(—4 volts) is created in the rectifier 
composed of diodes, CRI6 and CR17, 
during the time the test pulse is ap- 
plied. 

When K1 is energized, the input to 
V6A is switched from pre-MTI video 
to processor feedback video through 
contacts 3 and 5. At the same time 
the bias voltage on switching diodes 
CR8 and CR9 is reversed through con- 
tacts 2 and 6 of K1. CR9 acts as an 
open circuit and CR8 acts as a short 
circuit, The delay line driver will now 
function as a dual channel amplifier 
with processor feedback video through 
channel 2 and pre-MTI video through 
channel 1. 

The operation of channel 1 is essen- 
tially the same as that of channel 2 
discussed in (1) through (8) above 


12 (U). 


cs 
except that there is one stage of am- 
plification (V4) in channel 2 which 
has no counterpart in channel 1. 


MTI Delay Line 8519066 


|. 


a. General. The purpose of the MTI delay / 
line is to provide the delay necessary for MTI \ 
operation. It converts a composite electrical 
signal to ultrasonic vibrations by means of a 
piezo-electric quartz crystal transducer. The 
ultrasonic vibrations are delayed one pulse 
repetition period by a 14-sided fused quartz 
disk. They are then restored to their original 
form by another crystal transducer. By delay- 
ing the pulses one repetition period, the MTI 
delay line establishes the repetition rate of the 
MTI system. 


b. Detailed Theory. 


(1) 


(2) 


The MTI delay line (fig. 8) is a 14- 
sided polygonal disk approximately 
12-1/2 inches in diameter and 1-1/4 
inches thick. Each of the 14 sides is a 
smoothly polished quartz facet. These 
facets are arranged to reflect the ultra- 
sonic vibrations in paths parallel to 
the plane of the disk. Connections to 


and from the delay line are shown in / 


B27 and B30, figure 25, TM 9-1430- ‘ 


257-20. 

A 15-megacycle modulated carrier is 
applied through INPUT connector J1 
(fig. 3) and converted to ultrasonic 
vibrations by the input crystal trans- 
ducer. The speed of these vibrations 
Propagated through striction of the 
14-sided fused quartz disk is much 
slower than the speed of electromag- 
netic waves traveling through a com- 
mon conductor. The vibrations travel 
parallel to the plane of the disk to the 
opposite facet. Then, by successive 
reflections, the waves touch each facet 
of the disk and return to the output 
crystal transducer where the ultra- 
sonic vibrations are recunverted to the 
original electrical composite signal. 
The path of travel is of sufficient 
length to provide a delay equal to a 
repetition period of the preknock 
pulse, or approximately 2,000 micro- 
seconds. The delay modulated 15- 
megacycle carrier output is applied 


ce 


through OUTPUT connector J2 to an 
external delay amplifier. 


13 (U). Delay Amplifier 8512849, 9007731 

a. General. The delay amplifier raises the 
output level of the delay video channel to equal 
the output level of the nondelay video channel. 
These outputs are 180° out of phase with each 
other. 


b. Detailed Theory. 

(1) A 15-megacycle modulated carrier 
from the MTI delay line is applied 
through connector P2 (fig. 41, TM 9- 
1480-257-20} to the delay amplifier. 
The signal is developed across imped- 
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ance matching resistor R38 which is 
the termination for the low impedance 
coaxial input cable. In delay amplifier 
8512849 (systems 1001-1006), resistor 
R3 has a value of 150 ohms. In delay 
amplifier 9007731 (systems 1007- 
1059), the value of R3 has been re- 
duced to 56 ohms in order to decrease 
the input sensitivity of voltage ampli- 
fier V1 with respect to AGC voltage. 
The input signal is coupled through 
capacitor C4 to the control grid of 
Vi. Also, a negative AGC voltage 
from the MTI video amplifier is ap- 
plied through connector P1 to the in- 
put cireuit of Vi. 


12.3 


Resistor R4 limits current and isolates 
the 15-megacycle modulated carrier 
from the AGC source. The negative 
AGC voltage is essentially a de value that 
charges capacitor C5. This voltage is 
applied to V1 through inductor L2 to 
maintain the delay amplifier output at 
the same de level but opposite in polarity 
as the nondelay video channel level. 

(2 
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at. 15 megacycles to produce optimum out- 
put at that frequency. Resistors Ri, R2, 
R6, RY, and R10 are parasitic suppressors 
and capacitors C12, C15, and C17 are 
screen bypass capacitors. Capacitors 06, 
C13, and C16, shunted across cathode 
resistors R5, R8, and R12, respectively, 
serve to minimize cathode degeneration. 
The inverted output from V1 is coupled 
through capacitor C11 to voltage ampli- 
fer V2. The composite signal is devel- 
oped across resistor R7 and applied to the 
control grid of V2. An inverted and am- 


'4-SIDED FUSED QUARTZ OISK 


) Voltage amplifier V1 is a tuned-grid, 
tuned-plate stage, and V2 is a tuned-plate 
amplifier. Inductors L2, L6, and L7 reso- 
nate with the distributed circuit capacity 

INPUT 
CRYSTAL 
TRANSDUCER 


MODULATED IS-MC 
CARRIER 


OUTPUT 
CRYSTAL 
TRANSDUCER 


OUTPUT 
J2 


DELAY MODULATED 
I5-MC CARRIER 


EACH REFLECTING FACE 


I$ SMOOTHLY POLISHED 


RA PD 467982 


Figure 3. (U) MTT delay line—simplificd schematic diagram. 
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(4) 


plified facsimile of this input 
is applied from the junction of 
load inductor L? and the plate 
of V2 through capacitor C14 to 
power amplifier V3, This signal 
is developed across resistor 
R11 and applied to the control 
grid of V3. In turn, the output 
of V3 is applied through trans- 
former Tl to drive full-wave 
rectifier CR1 and CR2. The 
primary of Tl is shunted by 
resistor R13 to prevent ringing 
in Ti; RF on the plate of V3 
is filtered by inductor Li and 
capacitor C3 toprevent RF from 
entering the power supply, 

The successive alternations of 
the modulated carrier are ap- 
plied from the secondary of 
Tl to the plates of diodes CRI 
and CR2 which form a full- 
wave rectifier, Shunting capac- 
itor C18 maintains an equal 
potential between the plates with 
respect to the grounded center 
tap in the secondary of T1, The 
electron current flow originates 
in the input circuits of the ex- 
ternal MTI synchronizer, and 
its direction of travel is through 
the connecting cable and con- 
nector Ji to the cathodes of 
CR1 and CR2, Conduction 
through the diodes depends upon 
which plate is positively polar- 
ized at the moment. The con- 
ducting diode appears asa short 
circuit and passes electrons to 
its related winding of Tl. Then, 
the electron current flows to the 
center tap of Tl, to ground, and 
returns to the input circuits in 
the MTI synchronizer, On the 
next signal alternation, the 
counterpart diode conducts, The 
combined action of the diodes 
provides full-wave rectification 


cl 


of the signal by filtering out the 
carrier and detecting the mod- 
ulating components, Filtering of 
the carrier is accomplished by 
stray circuit capacitances and 
the full-wave rectifier, The de- 
tected signals consist of a neg~ 
ative preknock pulse, positive 
test pulse, and positive MTI 
video pulses referenced at +4 
voits de. Because the positive, 
7-microsecond test pulse is 
longer than the preknock pulse 
or MTI video pulses, an average 
de value (+4 volts) is created 
by the full-wave rectifier con- 
duction during the time the test 
pulse is applied, Therefore, the 
detected signals at J] are refer- 
enced at +4 volts de, 

(5) The amplification provided by 
these three stages is adequate 
to compensate for the 5243 db 
of attenuation encountered in 
the MTI delay line, With proper 
AGC control, these stages pro- 
vide an output level that is 


identical in amplitude and op- | 


posite in polarity to the non- 
delay video output at connector 
J3 of the carrier oscillator. In- 
ductors L3, L4, and L5 with 
capacitors C7 through C10 pre- 
vent RF from entering the fila- 
ment power supply, 


14, (U) Trigger Pulse-Video Amplifier 
- 9137927 

a, General, The trigger pulse-video 
amplifier sums the information content 
of the delay and non-delay channels to 
extract the moving-target component, 
It also synchronizes a preknock pulse 
with a delayed preknock pulse to obtain 
an auto sync pulse, Two cathode fol- 
lower amplifiers provide delay and non~ 
delay video to drive the external inter- 
ference suppressor circuits, 


C1 


b. Detailed Theory. 
(1) General, The trigger pulse- 


video amplifier (fig. 36, TM 9~ 
1430-257-20) is divided intotwo 
sections, One section provides 
the auto sync pulse and the de- 
lay video for the external IS 
circuits, The other section re~ 
establishes a dual channel sys~ 
tem for oppositely polarized 
residue signals and provides 
non-delay video for the IS cir- 
cuits, The two sections divide 
at the junction of R1 and R2, 


(2) Auto sync pulse circuit, 
{a) Trigger selector diode V1A 


selects the negative delayed 
preknock pulse by separating 
it from the positive video and 
test pulses succeeding it. The 
delayed video.composite sig- 
nal is developed across re- 
sistors R1 and R2 andapplied 
to the cathode of V1A. The 
stage is biased so that positive 
video and test pulses keep 
V1A cut off, The delayed pre- 
knock pulse, however, is neg- 
ative and drives V1A into 
conduction, creating a drop 
across load resistor R13, 
Since the plate follows the 
cathode the output signal is 
also a negative pulse. This 
negative pulse is directly 
coupled to the grid of trig- 
ger selector amplifier V1B, 
where it is amplified, in- 
verted, and coupled through 
capacitor C2 to the grid of 
cathode follower V2A. The 
signal is developed across 
resistor R16, Since the cath- 
ode of V2A follows the grid, 
a positive preknock pulse is 
developed across cathode re- 
sistor R17, This pulse is 
coupled through capacitor C3 
and superimposed on a neg- 
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ative disable gate applied 
through isolating resistor 
R18, The pulse which results 
from mixing the preknock 
pulse and the disable gate 
is called the MTI auto sync 
pulse, 

During the quiescent state, 
the control grid of phanta- 
stron V3 is at a positive po- 
tential due to control grid 
current through resistors R21 
and R22, Screen current 
through cathode resistor R20 
causes the cathode to rise 
above the suppressor grid 
bias of 13,6 volts which is 
set by the voltage divider 
composed of resistors R23 
and R24 between ground and 
+150 volts, The plate of V3 
is on the threshold of con- 
duction; therefore, no plate 
current flows through load re- 
sistor R25. Diode CR2 con- 
ducts from the +150-volt sup- 
ply through R25 toward the 
+250-volt supply, The +150 
volts, plus the small drop 
across CR2, is applied to the 
grid of cathode follower V4B, 
Since the cathode follows the 
grid, the junction of resistor 
R26 and capacitor C5 is 
raised to a voltage level 
higher than the control grid 
of V3. The side of C5 con- 
nected to the cathode of V4B 
charges to a higher positive 
level than the side connected 
to the control grid of V3, 
This is the quiescent state. 
When a positive preknock 
pulse is applied through con- 
nector Jl and capacitor C6 
to the suppressor grid of V3, 
plate current flows and the 
plate voltage drops below +150 
volts, This change in plate 
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voltage is applied to the grid 
of V4B, causing the tube to 
conduct less current, The po- 
tential at the junction of R26 
and C5 drops and since the 
charge on C5 cannot change 
instantaneously, the voltage 
drop appears on the control 
grid of V3. After the initial 
voltage drop at the junction 
of R26 and C5, C5 starts to 
discharge through R21, the 
+150-volt supply, ground, and 
R26 to the other side of C5, 
The initial drop at the junc- 
tion of R26 and C5 also ap- 
pears at the control grid of 
V3, causing a reduction in 
plate current and a rise in 
plate voltage. The rise in 
plate voltage is coupled to 
C5 and counteracts part of 
the capacitor discharge, 
thereby slowing discharge 
considerably, The degenera- 
tive effect produces an ex- 
ponential voltage curve at the 
grid which is counteracted by 
an opposite voltage curve at 
the plate due to the inverting 
properties of the tube, This 
opposite effect is added al- 
gebraically to produce a 
linear current in R20 and a 
linear voltage drop across 
R20 (fig. 4). 

The time base of the inverted 
trapezoid is determined by 
the discharge time of C5 (fig. 
36, TM 9-1430-257-20) and 
in this case the interval is 
1500 microseconds, As C5 
discharges, increased cur- 
rent flows through R20 with 
a resultant increase in bias. 
When C5 is completely dis- 
charged after 1500 micro- 
seconds, the cathode bias is 
sufficiently positive with re~ 


cl 


spect to the suppressor grid 
to cause cutoff of plate cur- 
rent, The plate voltage then 
rises to +150 volts and cath- 
ode follower V4B conducts at 
a steady rate. The de level 
at the cathode of V4B is 
coupled through C5 to the 
control grid of V3 and main- 
tains a steady screen cur- 
rent through resistor R19, 
Since the cathode potential 
exceeds that of the suppres- 
sor grid, V3 is returned to its 
quiescent state. 


(f) The negative trapezoidal wave 


at the cathode of V3 is cou- 
pled through capacitor C4 to 
diode CR1 which clamps the 
de reference level to 0 volts, 
The negative trapezoidal 
waveform is to be used as 
a disabling gate to prevent 
premature triggering of the 
external acquisitions-track 
synchronizer, The gate is ap- 
plied through isolating re- 
sistor R18 and mixed with 
the positive preknock pulse 
from V2A which is coupled 
through C3, Here the positive 
preknock pulse is superim- 
posed on the leading edge of 
the negative disable gate (fig, 
4). This action occurs every 
2000 microseconds, The com- 
bined action provides a sync 
time base forthe MTI system, 
as well as the acquisition 
and target track systems, The 
MT1 auto sync pulse is ap- 
plied to the external acqui- 
sition - track synchronizer 
through connector J2, 


(3) Paraphase amplifiers V5A and 


VSB, 


(a) The demodulated components 


of the composite signal from 
the non-delay channel are ap- 
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plied through connector P3. 
The signal consists of a pos- 
itive preknock pulse followed 
by a negative test pulse and 
negative MTI video pulses 
referenced at -4 volts, This 
signal is applied to the grid 
of paraphase amplifier V5A 
through isolating resistor R4, 
Resistor R4 limits grid cur- 
rent to protect the crystal 
diodes in the external car- 
rier oscillator. 

A signal identical to the one 
applied to P38, but of oppo- 
site polarity and opposite 
reference level, is applied 
from the delay channel 
through connector P2, This 
signal is applied through re- 
sistors R1 and R3 which, 
with resistor R2, form a "T" 
bridging network toisolate V5 
from V1 but allow mixing of 
the two inputs, This delay 
signal is developed across R2, 
then passes through network 
Z1 (a fixed 0,6-microsecond 
delay network) and time bal- 
ance variable impedance net- 
work Z2 (a variable 0 to 0,3- 
microsecond delay network) 
to provide fine synchroniza- 
tion of the two signals on the 
grid of V5A, The grid of V5A 
is returned to ground through 
resistor R5 and the 1350-ohm 
terminating resistor in Z2. 
The inversely polarized de- 
lay and non-delay signals, 
occuring at the same interval, 
having equal bases, and being 
equal in amplitude, cancel at 
the grid of V5A, Any residue 
present after cancellation is 
determined by non-symmet- 
vical elements of the alge- 
braically combined video sig- 
nals, The resulting signal is 
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the desired moving-target 
video which is then ampli- 
fied in V5A and cathode cou- 
pled to paraphase amplifier 
VSB. 

Amplifiers V5A and V5Bpro- 
vide two output signals, one 
in phase and the other 180 
degrees out of phase with the 
moving-target video input 
signal. The two output volt- 
ages of opposite phases are 
necessary for driving the 
push-pull amplifier in the ex- 
ternal MTI video amplifier, 
The dual triode sections of 
V5 are coupled together 
through common cathode re- 
sistor R10 which, together 
with resistors R8 and R9, 
forms the cathode voltage di- 
vider between ground and -250 
volts, Amplifier V5A inverts 
the applied signal and in- 
creases the amplitude to the 
desired level. The plate of 
V5B follows the grid signal 
of V5A. Amplifier V5B am- 
plifies the signal to the same 
level as that obtained from 
V5A, The grids of both triodes 
are at de ground potential, 
Due to the symmetry of 
stages, the quiescent cur- 
rents of the two triodes are 
nearly equal, These currents 
add in R10 to prevent fluc- 
tuations when the ~250-volt 
power supply fluctuates. This 
biasing arrangement provides 
for highly effective self-com- 
pensation. An increase in 
value of negative supply volt- 
age causes an increase in the 
quiescent tube currents and 
thus an increase in the drop 
across R10, making up for 
the drop in the supply volt- 
age, 
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In dynamic operation, the 
large cathode resistor, R10, 
has the effect of preventing 
an appreciable change in the 
sum of the two quiescent cur- 
rents, When the quiescent 
current through V5A_ de- 
creases, due to a negative 
signal being applied to the 
grid, the potential on the 
cathodes tends to drop. This 
decreases the cathode-to- 
grid voltage on V5B, causing 
an increase in the quiescent 
current through V5B, The sum 
current flowing through R10 
thus remains essentially con- 
stant, since an extremely 
small variation in the sum 
current is enough to allow the 
cathode to swing by an 
amount sufficient for adjust- 
ing the current through V5B, 
as required. Accordingly, 
every excursion of the quies- 
cent current through V5A 
from the quiescent value re- 
sults in a very nearly equal 
and oppositely directed ex- 
cursion of quiescent current 
through V5B. The cathode po- 
tential is such as to allow 
the currents to compensate 
each other in the described 
manner, i.e., the cathodes 
swing in phase with the mov- 
ing-target signal applied to 
the grid of V5A and with an 
amplitude equal to half the 
signal amplitude, As a result, 
only half the signal is effec- 
tive between the cathode and 
grid of V5B. The alternating 
voltages on the plates of V5A 
and V5B are, accordingly, 
equal in amplitude and oppo- 
site in phase. 

The signal from the junction 
of the plate of V5A and re- 


C1 


sistor R6 is the phase 1 out- 
put and is connected to the 
external load through con- 
nector PS, The signal from 
the junction of the plate of 
V5B and resistor R7 is the 
phase 2 output and is con- 
nected to the external load 
through connector P4. 


(4) Delay video amplifier V4A, The 


6) 


composite signal from the delay 
channel, which consists of a 
negative preknock pulse fol- 
lowed by a positive test pulse 
plus positive video pulse, is 
taken from the TIME BAL output 
of variable delay network Z2, 
The signal is developed across 
resistors R29 and R31 and ap- 
plied to the grid of cathode 
follower V4A through parasitic 
suppressor resistor R28, De- 
generative feedback from the 
junction of cathode resistors 
R30 and R31 is used to im- 
prove amplifier stability. The 
low-impedance output is con- 
nected to the external load 
through connector J4, 
Non-delay video amplifier V2B. 
‘The composite signal from the 
non-delay channel, which con- 
sists of a positive preknock 
pulse followed by a negative 
test pulse and negative video 
pulses, is taken from connector 
P3, coupled through capacitor 
C8, developed across resistor 
R34 and R35, and coupled 
through parasitic suppressor 
resistor R32 to the grid of 
cathode follower V2B, Degener- 
ative feedback from the junc- 
tion of cathode resistors R33 
and R35 is used to improve 
amplifier stability. The low- 
impedance output is connected 
to the external load through 
connector J3, 
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14,1 (U). Trigger Pulse-Video Amplifier 
9989353 
Trigger pulse-video amplifier 9989353 is iden- 
tical to trigger pulse-video amplifier 9137927 
discussed in paragraph 14 except for the added 
relay K1 (fig. 36.1, TM 9-1430-257-20). When 
relay K1 is deenergized, the output of TIME 
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BAL network Z2 is applied through contacts 
8-6 and 42 to coupling capacitor C7, When K1 
is energized, delay video is coupled through 
contacts 5-6 and 12 to coupling capacitor C7 
thus passing the delay video around the TIME 
BAL network. This action is necessary in order 
te obtain coincidence when operating in the 
processor mode in the antijam display receiver. 
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Figure $. (U) MTI auto syne putss. 


15, (U) Acquisition-Track Synchronizer 
9142937 

a. General, The acquisition -track 
synchronizer generates the timing pulses 
that control the operations of the acqui- 
sition radar system, These pulses are: 
preknock, MTI test, transmitter sync, 
and syne, For accurate MTI operation, 
the acquisition-track synchronizer is 
synchronized with the MTI system by 
the MT! auto sync pulse, 


b, Detailed Theory. 


~ (1) Preknock pulse circuit, 
(a) Sync amplifier V1. An MTT 


auto sync pulse, which con- 
sists of a positive pulse 
superimposed on the leading 
edge of a negative disable 
gate, is applicd from con- 
nector Ji to INT-AUTO switch 
81 (fig. 43, TM 9-1430-257- 
20). When S1 is in the INT 
position, there is no input to 
sync amplifier V1 and repeti- 


(b) 
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tion rate blocking oscillator 
V2A operates as a free-run- 
ning blocking oscillator, as 
described in (b) below. Switch. 
$1 is placed in the INT posi- 
tion during chassis testing or 
when it is desired to operate 
the acquisition-track syn- 
ehronizer disconnected from 
the MTI system, When $1 is 
placed in the AUTO position, 
the MTI auto sync pulse is 
developed across resistor R2 
and applied to the control 
grid of V1, The positive por- 
tion of the MTI auto sync 
pulse is amplified in Vi and 
a resulting negative sync 
pulse is developed across the 
primary of blocking oscillator 
transformer Ti, Amplifier V1 
is cut off for the following 
1,500 microseconds by the 
negative disable gate portion 
of the MTI auto sync pulse, 
This action prevents false 
triggering of V2A by circuit 
stray pulses, Capacitor Cl 
and resistor Rl provide a 
screen-grid decoupling for 
V1. Resistor R3 establishes 
bias for V1 and capacitor 
C2 bypasses ac signals 
around R3, 

Repetition rate blocking os- 
cillator V2A, 

1, Free-running operation, 
When plate voltage is ap- 
plied, V2A conducts, The 
surge of current through 
plate winding 1-2 of Til 
causes a voltage to be in- 
duced in winding 3-4 of T1, 
This drives the grid posi- 
tive, and current increases 
through V2A and plate wind- 
ing 1-2 of Tl, The increase 
in current causes a larger 
positive voltage to be cou- 
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pled to the grid of V2A, 
and the regenerative cou- 
pling action between the 
plate and grid windings of 
T1 quickly drives V2A into 
saturation. However, grid 
current flows before satura- 
tion is reached, This cur- 
rent charges the grid side 
of capacitor C4 negative. 
At saturation, the current 
through winding 1-2 be- 
comes constant, Since no 
positive voltage is coupled 
to the grid of V2A, tube cur- 
rent decreases. Capacitor 
C4 is allowed to discharge 
through resistor R11, FREQ 
variable resistor R6, R5, the 
+250-volt power supply, 
ground, and through cathode 
resistors R48 and R47 back 
to C4, The negative voltage 


cl 


on C4 causes a decrease in 
conduction through V2A and 
the electromagnetic fields 
of winding 1-2 in T1 to 
start collapsing. The col- 
lapsing fields of winding 1-2 
of Ti cause a negative volt- 
age to be coupled through 
C4 to the grid of V2A, driv- 
ing V2A well beyond cutoff, 
As C4 discharges, the grid 
of V2A rises toward ground, 
Near ground potential, V2A 
conducts and the free-run- 
ning cycle is repeated, Re~ 
sistor R6 is adjusted so 
that the free-running fre- 
quency is slightly lower 
than 500 pps. This al- 
lows the MTI auto sync 
pulse to trigger the cir- 
cuit into oscillation be- 
fore it normally be- 


2. Synchronized operation. 
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comes free-running, provided the 
INT-AUTO switch is set to AUTO, 
Since the 
pulse repetition frequency of the 
MTI auto syne pulse is 500 pps, it is 
applied to the grid of V2A at a time 
when the grid is still rising exponen- 
tially toward cutoff. Therefore, the 
MTI auto sync pulse raises the grid 
potential above cutoff prior to the 
time V2A would normally conduct in 
its free-running state. This action 
synchronizes its frequency with the 
MTI auto sync pulse frequency. A 
positive 20-40-yolt, 1-microsecond 
pulse is developed across R48 and 
coupled to connector J2, trigger am- 
plifier V3A, and 5-microsecond de- 
lay network Z2. Capacitors C3A 
and C3B and resistor R5 form a de- 
coupling network for the +250-volt, 
power supply. 


(2) MTT test pulse circuit. 
(a) The positive preknock pulse is delayed 


5 microseconds in delay network Z2 
and then coupled through capacitor 
C12 to the grid of voltage amplifier 
V6A. Amplifier V6A is normally cut. 
off by 25 volts applied to the grid by 
the voltage divider composed of re- 
sistors R35 and R34 from ground to 
—250 volts. When the preknock pulse 
triggers V6A into conduction, an am- 
plified negative pulse is developed 
across winding 3-4 of pulse trans- 
former T3. The negative pulse is in- 
verted by T3 and applied as a positive 
pulse to the grid of MTI test pulse 
blocking oscillator V6B. 

Blocking oscillator V6B is normally 
cut off by —25 volts applied to the grid 
by the voltage divider composed of re- 
sistors R38 and R37 from ground to 
the —250-volt supply. When triggered 
by the preknock pulse, V6B conducts 
for 7 microseconds. The operation of 
V6B : similar to V2A, as described in 
(1) (6) above. A positive 6-volt, 7- 


microsecond test pulse is developed 
across cathode resistor R40. This pulse 
is applied to connector J3. Resistor 
R42 and capacitor C14 are a decoupling 
network for the +250-volt power 
supply. 


(3) Syne pulse circutt. 
(a) The positive preknock pulse is coupled 


(3 


{e) 


through capacitor C5 and resistor R14 
to the grid of trigger amplifier V3A. 
Amplifier V3A is normally cut off by 
—80 volts applied to the grid by the 
voltage divider consisting of resistors 
R13 and R12 from ground to the —250- 
volt supply. When the preknock pulse 
triggers V3A into conduction, an am- 
plified negative pulse is developed 
across resistor R15. This resistor is 
the common plate load of V3A and de- 
lay multivibrator V4A, which is one 
section of a monostable plate-coupled 
multivibrator. The negative pulse is 
then coupled through capacitor C7 to 
the grid of delay multivibrator V4B. 
Beginning with system. 1059, type 5814 
tubes V4 and V5 have been changed to 
ruggedized type 5814A tubes, 

Multivibrator V4A4 is normally cut off 
by —80 volts applied to the grid by 
the voltage divider consisting of resis- 
tors R16 and R17 from ground to the 
—250-volt supply. Multivibrator V4B 
is normally conducting since the grid 
is returned through current limiting 
resistor R22 to the +250-volt supply. 
When the negative pulse is applied to 
the grid of V4B from V3A, V4B cuts 
off. The resulting positive rise in plate 
voltage at V4B is coupled through ca- 
pacitor C6 to the grid of V4A and 
raises the grid above cutoff. The re- 
sulting negative drop in plate voltage 
at V4A is coupled through C7 to the 
grid of V4B, and keeps V4B cut off 
until C7 discharges sufficiently through 
R22 to place the grid of V4B near 
ground potential, At this point, 60 
microseconds later, V4B conducts. 
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The resulting negative drop in plate 
voltage at V4B is coupled through C6 
to the grid of V4A. This negative 
voltage cuts off V4A, returning V4A 
and V4B to the quiescent state with 
V4A cut off and V4B conducting. A 
negative 60-microsecond gate is pro- 
duced in the plate circuit of V4A. This 
gate is coupled directly to a pulse delay 
circuit composed of temperature-con- 
trolled delay line Z1 and switch diode 
Vas. 

Switch diode V3B is connected as a 
diode since the grid is connected to the 
plate. In the quiescent state, V3B con- 
ducts heavily since its plate and grid 
are returned to the +250-volt supply. 
The return path is through Z1 and 
SYNC DELAY variable resistor R21. 
The voltage drop across cathode re- 
sistor R41 places the plate and cathode 
of V3B at +2.5 volts above ground. 
The capacitor located in Zi charges 
between this voltage and the +250 volts 
at the plate of V4A, which is cut off 
at this time. 

In the dynamic state, V4A produces a 
negative 60-microsecond gate which is 
coupled through the delay line capaci- 
tor in Z1 to V38B. This negative gate 
cuts off V3B, causing the voltage across 
R41 to drop to 0 volts. Simultane- 
ously, the delay line capacitor begins 
discharging to the low-plate voltage of 
V4A through Z1, R21, the +250-volt 
supply, ground, and V4A. Adjust- 
ment of R21 varies the discharge time 
by +1 microsecond. Approximately 
23.5 microseconds later, the plate of 
V3B rises slightly above ground po- 
tential. Since the plate of V3B is now 
positive with respect to the cathode, 
V3B conducts. The voltage across R41 
again rises to +2.5 volts, producing the 
trailing edge of the 23.5-microsecond 
negative gate. Since V3B cuts on and 
off sharply, the output gate is square- 
sided, thus lending itself easily to dif- 


(f) 


ferentiation. The conduction of V3B 
clamps its plate to +2.5 volts, prevent- 
ing any further discharge of the delay 
line capacitor. Therefore, this capaci- 
tor charges from +2.5 volts to the low- 
plate voltage of V4A. When the 
trailing edge of the 60-microsecond 
gate passes, the plate of V4A rises 
again to +250 volts. The delay line 
capacitor continues charging to this 
voltage, re-establishing the quiescent 
condition of the circuit. A tempera- 
ture-regulating resistive element is 
mounted in Z1 and returned through 
terminals 4 and 5 to 6.3 volts ac. Its 
heat dissipation varies with tempera- 
ture, thus effectively counteracting any 
temperature changes within Z1. Con- 
sequently, the resistance of the resis- 
tors within Z1 does not fluctuate with 
temperature changes, and the period of 
delay does not vary from 23.5 micro- 
seconds, 

The negative 23.5-microsecond gate 
from V3B is coupled directly to the 
grid of pulse delay amplifier VA. An 
amplified positive gate is differentiated 
by capacitor C8 and resistor R26, pro- 
ducing negative and positive pips at 
the grid of pulse delay amplifier V5B. 
The pips correspond in time to the 
leading and trailing edges of the 23.5- 
microsecond gate. 


(g) With no signal applied, V5B is cut off 


by ~25 volts applied to the grid by 
the voltage divider consisting of re- 
sistors R27 and R28 from ground to the 
—250-volt supply. Capacitor C9 sta- 
bilizes this potential. The positive pip 
from V5A raises the grid of V5B above 
cutoff, and V5B conducts, An ampli- 
fied negative pip is developed across 
primary winding 6-5 of blocking 
oscillator transformer T2. 


(2) Since a blocking oscillator transformer 


is designed to pass narrow pulses, its 
high-frequency response is good. Con- 
versely, its low-frequency response is 


CONFIDENTIAL 


cz 


(a) 


poor. Therefore, T2 passes the high- 
frequency components in the pips 
and attenuates the low-frequency 
components. This action effectively 
improves the shape of the pips. The 
pips are coupled through secondary 
winding 1-2 and tertiary winding 
3-4 of T2 to the grid of syne pulse 
blocking oscillator V2B. 


Blocking oscillator V2B is normally 
eut off by approximately —25 volts 
bias between the grid and cathode 
established by the voltage divider 
consisting of resistors R32, R33, 
and R30 connected between ground 
and the —250-volt supply. Since 
V2B is cut off, the leading negative 
pip has no effect. However, the 
trailing positive pip triggers V2B 
into conduction 23.5 microseconds 
after preknock time. The operation 
of V2B is similar to that of V2A, 
as described in (1) (b) above, Block- 
ing oscillator V2B produces a posi- 
tive 40-volt, 0.15-microsecond syne 
pulse, which is developed across 
cathode resistor R30 and coupled 
directly to connector J4 through C15 
to sync pulse amplifier V7A. Capac- 
itor C10 and resistor R29 provide 
plate decoupling for V5B, V2B, V7A, 
and V7B. Resistor R& limits any 
grid current in V7A. 


(4) Transmitter sync pulse circuit. 
(a) Syne pulse amplifier V7A is nor- 


(b 


mally cut off by —30 volts applied 
to the grid by the voltage divider 
composed of resistors R7 and R9 
from ground to the —250-volt 
supply. Capacitor ©16 stabilizes 
this potential. When the syne pulse 
triggers V7A into conduction, an 
amplified negative pulse is de- 
veloped across winding 1-2 of block- 
ing oscillator transformer T4, This 
pulse is induced and inverted in 
winding 3-4 of T4 and applied as a 
positive pulse to the grid of trans- 
mitter syne pulse blocking oscilla- 
tor V7B. 

Blocking oscillator V7B is normally 
eut off by —25 volts applied to the 
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grid by the voltage divider consist- 
ing of resistors R45 and R46 from 
ground to the —250-volt supply, 
The positive pulse raises the grid 
above cutoff, and V7B conducts for 
0.15 microsecond. The operation of 
V7B is similar to V2A, as described 
in (1) (b) above. A positive 40-volt, 
0.15-microsecond transmitter syne 
pulse is produced across cathode re- 
sistor R49 and coupled to connector 
J5. 


15.1 (U). Acquisition-Track Synchronizer 
9144786 


a. General. The acquisition-track synchro- 
nizer generates the timing pulses that control 
the operations of the acquisition radar system. 
These pulses are: preknock, MTI test, trans- 
mitter syne, and sync. For accurate MTI opera- 
tion, the acquisition-track synchronizer is syn- 
chronized with the MTI system by the MTI 
auto syne pulse. 


b, Detailed Theory. 


(1) Preknock pulse circuit. 


(a) Syne amplifier V1. An MTI auto 
pulse, which consists of a positive 
pulse superimposed on the leading 
edge of a negative disable gate, is 
applied from connector J1 to con- 
tact 4 of relay K3 (fig. 93, TM 9- 
1430-257-20/1). When relay K3 is 
energized, there is no input to syne 
amplifier V1 and repetition rate 
blocking oscillator V2A operates as 
a free-running blocking oscillator, 
as described in (b) below. When 
relay K8 is deenergized, the MTI 
auto syne pulse is developed across 
resistor R2 and applied to the con- 
trol grid of V1. The positive portion 
of the MTI auto sync pulse is ampli- 
fied in V1, and a resulting negative 
syne pulse is developed across the 
primary of blocking oscillator 
transformer T1. Amplifier V1 is cut 
off for the following 1500 micro- 
seconds by the negative disable gate 
portion of the MTI auto syne pulse. 
This action prevents false trig- 
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(b) 


gering of V2A by circuit stray 
pulses. Capacitor C1A and resistor 
R1 provide a screen-grid decoupling 
for V1. Resistor R3 establishes bias 
for V1 and capacitor C2 bypasses ac 
signals around R3, 


Repetition rate blocking oseillater 
Vea, 


1. Free-running operation. When 
plate voltage is applied, V2A con- 
ducts. The surge of current 
through plate winding 1-2 of T1 
causes a voltage to be induced in 
winding 3-4 of Tl. This drives 
the grid positive, and current in- 
ereases through V2A and plate 
winding 1-2 of T1. The increase in 
current causes a larger positive 
voltage to be coupled to the grid 
of V2A, and the regenerative cou- 
pling action between the plate 
and grid windings of T1 quickly 
drives V2A into saturation. How- 
ever, grid current flows before 
saturation is reached, This cur- 
rent charges the grid side of ca- 
pacitor C4 negative. At satura- 
tion, the current through winding 
1-2 becomes constant. Since no 
positive voltage is coupled to the 
grid of V2A, tube current de- 
creases. With relay K1 deener- 
gized, capacitor C4 discharges 
through resistor R11, FREQ 
LOPAR variable resistor R6, R5, 
the +250-volt power supply, 
ground, and through cathode re- 
sistors R48 and R47 back to C4. 
The negative voltage on C4 causes 
a decrease in conduction through 
V2A and the electromagnetic 
fields of winding 1-2 in T1 to 
start collapsing. The collapsing 
fields of winding 1-2 of T1 cause 
a negative voltage to be coupled 
through C4 to the grid of V2A, 
driving V2A well beyond cutoff. 
As C4 discharges, the grid of V2A 
rises toward ground. Near ground 
potential, V2A conducts and the 
free-running cycle is repeated. 
FREQ LOPAR variable resistor 
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R6 is adjusted so that the free- 
running frequency is slightly low- 
er than the LOPAR repetition 
rate of 500 pps. This allows the 
MTI auto sync pulse to trigger 
the circuit into oscillation before 
it normally becomes free-running, 
provided relay K3 is deenergized. 
With relay K1 energized, capaci- 
tor C4 discharges through resistor 
Rl and FREQ HIPAR variable 
resistor R50 instead of R11 and 
R6. FREQ HIPAR variable re- 
sistor R50 is adjusted so that the 
free-running frequency is slight- 
ly lower than the HIPAR repeti- 
tion rate of 400 pps. This allows 
the MTI auto syne pulse to trig- 
ger the circuit into oscillation be- 
fore it normally becomes free- 
running. 


. Synchronized operation. Since the 
pulse repetition rate of the MTI 
auto syne pulse is either 400 pps 
or 500 pps, it is applied to the 
grid of V2A at a time when the 
grid is still rising exponentially 
toward cutoff. Therefore, the MTI 
auto syne pulse raises the grid 
potential above cutoff prior to 
the time V2A would normally con- 
duct in its free-running state. 
This action synchronizes its fre- 
quency with the MTI auto syne 
pulse frequency. A positive 20-40- 
volt, 1-microsecond pulse is de- 
veloped across R48 and coupled to 
eonnector J2, trigger amplifier 
V8A, and 5-microsecond delay 
network Z2, Capacitors C3A and 
C3B and resistor R5 form a de- 
coupling network for the +250- 
volt power supply. 


(2) MTI test pulse cirewit. 


(a) The positive preknock pulse is de- 


layed 5 microseconds in delay net- 
work Z2 and then coupled through 
capacitor C12 to the grid of voltage 
amplifier V6A. Amplifier V6A is 
normally cut off by —25 volts ap- 
plied to the grid by the voltage 


ez 


(b) 


divider composed of resistors R85 
and R34 from ground to —250 
volts, When the preknock pulse trig- 
gers V6A into conduction, an ampli- 
fied negative pulse is developed 
across winding 3-4 of pulse trans- 
former T3, The negative pulse is in- 
verted by T3 and applied as a posi- 
tive pulse to the grid of MTI test 
pulse blocking oscillator V6B. 


Blocking oscillator V6B is normally 
eut off by —25 volts applied to the 
grid by the voltage divider com- 
posed of resistors R38 and R37 
from ground to the —250-volt sup- 
ply. When triggered by the pre- 
knock pulse, V6B conducts for 7 
microseconds. The operation of 
V6B is similar to V2A, as described 
in (1)(b) above. A positive 6-volt, 
7-microsecond test pulse is de- 
veloped across cathode resistor R40. 
This pulse is applied to connector 
J8, Resistor R42 and capacitor C14 
are a decoupling network for the 
+250-volt power supply. 


(3) Syne pulse circuit. 


(a) 


(b) 


The positive preknock pulse is cou- 
pled through capacitor C5 and re- 
sistor R14 to the grid of trigger 
amplifier V3A. Amplifier V3A is 
normally cut off by —80 volts ap- 
plied to the grid by the voltage di- 
vider consisting of resistors R13 
and R12 from ground te the —250- 
volt supply. When the preknock 
pulse triggers V3A into conduction, 
an amplified negative pulse is de- 
veloped across resistor R15. This 
resistor is the common plate load 
of V8A and delay multivibrator 
V4A, which is one section of a 
monostable plate-coupled multivi- 
brator. The negative pulse is then 
coupled through capacitor C7 to the 
grid of delay multivibrator V4B. 

Multivibrator V4A is normally eut 
off by —80 volts applied to the grid 
by the voltage divider consisting of 
resistors R16 and R17 from ground 
to the —250-volt supply. Multivi- 
brator V4B is normally conducting 
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since the grid is returned through 
current limiting resistor R22 to the 
+250-volt supply. 


When the negative pulse is applied 
from V3A to the grid of V4B, V4B 
cuts off. The resulting positive rise 
in plate voltage at V4B is coupled 
through capacitor C6 to the grid of 
4A and raises the grid above cut- 
off. The resulting negative drop in 
plate voltage at V4A is coupled 
through C7 to the grid of V4B, and 
keeps V4B cut off until C7 dis- 
charges sufficiently through R22 to 
place the grid of V4B near ground 
potential, At this point, 60 micro- 
seconds later, V4B conducts. The 
resulting negative drop in plate 
voltage at V4B is coupled through 
C6 to the grid of V4A. This nega- 
tive voltage cuts off V4A, returning 
V4A and V4B to the quiescent state 
with V4A cut. off and V4B conduet- 
ing. A negative 60- microsecond 
gate is produced in the plate circuit 
of V4A, This gate is coupled direct- 
ly to a pulse delay circuit composed 
of temperature -controlled delay 
line Zi and switch diode V3B. 


Switch diode V3B is connected as 
a diode since the grid is connected 
to the plate. In the quiescent state, 
V3B conducts heavily since its plate 
and grid are returned to the +250- 
volt supply. When relay K2 is 
deenergized, the return path is 
through Z1 and SYNC DELAY 
LONG PULSE variable resistor 
R21, When K2 is energized, the re- 
turn path is through Z1 and SYNC 
DELAY SHORT PULSE variable 
resistor R52. The voltage drop 
across cathode resistor R41 places 
the plate and cathode of V3B at 
+-2.5 volts above ground. The ca- 
pacitor located in Zl charges be- 
tween this voltage and the +250 
volts at the plate of V4A, which is 
cut off at this time. 


In the dynamic state, V4A pro- 
duces a negative 60-microsecond 
gate which is coupled through the 
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delay line capacitor in Z1 to V3B. 
This negative gate cuts off V3B, 
causing the voltage across R41 to 
drop to 0 volts. Simultaneously, the 
delay line capacitor begins dis- 
charging to the low-plate voltage 
of V4A through Zl, R21 or R52, 
the +250-volt supply, ground, and 
V4A. Adjustment of R21 or R52 
varies the discharge time by +1 
microsecond. Approximately 23.5 
microseconds later, the plate of 
V3B rises slightly above ground po- 
tential. Since the plate of V3B is 
now positive with respect to the 
cathode, V3B conducts. The voltage 
across R41 again rises to +2.5 
volts, producing the trailing edge 
of the 23.5-microsecond negative 
gate, Since V3B cuts on and off 
sharply, the output gate is square- 
sided, thus lending itself easily to 
differentiation. The conduction of 
V3B clamps its plate to +2.5 volts, 
preventing any further discharge 
of the delay line capacitor. There- 
fore, this capacitor charges from 
+2.5 volts to the low-plate voltage 
of V4A. When the trailing edge of 
the 60-microsecond gate passes, the 
plate of V4A rises again to +256 
volts. The delay line capacitor con- 
tinues charging to this voltage, re- 
establishing the quiescent condi- 
tion of the circuit, A temperature- 
regulating resistive element is 
mounted in Z1 and returned through. 
terminals 4 and 5 to 6.3 volts ac. Its 
heat dissipation varies with the 
temperature, thus effectively coun- 
teracting any temperature changes 
within Z1, Consequently, the resist- 
ance of the resistors within Z1 does 
not fluctuate with temperature 
changes, and the period of delay 
does not vary from 23.5 microsec- 
onds. 

The negative 23.5-microsecond gate 
from V3B is coupled directly to the 
grid of pulse delay amplifier V5A. 
An amplified positive gate is dif- 
ferentiated by capacitor C8 and re- 
sistor R26, producing negative and 
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positive pips at the grid of pulse 
delay amplifier V5B. The pips cor- 
respond in time to the leading and 
trailing edges of the 23.5-microsec- 
ond gate. 


With no signal applied, V5B is cut 
off by —25 volts applied to the grid 
by the voltage divider consisting of 
resistors R27 and R28 from ground 
to the —250-volt supply. Capacitor 
C1B stabilizes this potential. The 
positive pip from V5A raises the 
grid of V5B above cutoff, and V5B 
conducts. An amplified negative pip 
is developed across primary wind- 
ing 6-5 of blocking oscillator trans- 
former T2. 


Since a blocking oscillator trans- 
former is designed to pass narrow 
pulses, its high-frequency response 
is good, Conversely, its low-fre- 
quency response is poor. Therefore, 
T2 passes the high-frequency com- 
ponents in the pips and attenu- 
ates the low-frequency components. 
This action effectively improves the 
shape of the pips. The pips are cou- 
pled through secondary winding 
1-2 and tertiary winding 3-4 of T2 
to the grid of sync pulse blocking 
oscillator V2B. 


Blocking oscillator V2B is normally 
cut off by approximately —25 volts 
bias between the grid and cathode 
established by the voltage divider 
consisting of resistors R32, R33, 
and R30 connected between ground 
and the —250-volt supply. Since 
V2B is cut off, the leading negative 
pip has no effect. However, the 
trailing positive pip triggers V2B 
into conduction 23.5 microseconds 
after preknock time. The operation 
of V2B is similar to that of V2A, 
as described in (1)(5) above. 
Blocking oscillator V2B produces a 
positive 40-volt, 0.15-microsecond 
pulse, which is developed across 
cathode resistor R30 and cou- 
pled directly to connector J4 and 
through C15 to synchronizing pulse 
amplifier V7A. Capacitor C10 and 
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resistor R29 provide plate decou- the operations of the acquisition radar system. 

Pling for V5B, V2B, V7A, and These pulses are: preknock, MTI test, trans- 

V7B. Resistor R8 limits any grid mitter syne, and syne. For accurate MTI 

current in V7A, operation, the acquisition-track synchronizer is 
(4) Transmitter sync pulse circuit. synchronized with the MTI system by the 

(a) Syne ranging pulse amplifier V7A MTI auto sync pulse. The synchronizer con- 

is normally cut off by -80 volts trols the syne rate of acquisition radar system 

applied to the grid by the voltage and the target tracking radar system. 

divider composed of resistors R7 b. Detailed Theory. 

and R9 from ground to the —250- (1) Preknock pulse circuit. 

volt. supply. Capacitor C16 stabi- (a) Syne amplifier V1. An MTI auto 


lizes this potential. When the sync 
pulse triggers V7A into conduction, 
an amplified negative pulse is de- 
veloped across winding 1-2 of 
blocking oscillator transformer T4. 
This pulse is induced and inverted 
in winding 8-4 of T4 and applied 
as a positive pulse to the grid of 
synchronizing pulse blocking oscil- 
lator V7B. 


(6) Blocking oscillator V7B is normal- 


ly cut off by -25 volts applied to 
the grid by the voltage divider 
consisting of resistors R45 and R46 
from ground to the -250-volt. 
supply. The positive pulse raises 
the grid above cutoff, and V7B 
conducts for 0.15 microsecond. The 
operation of V7B is similar to 
V2A, as described in (1) (b) 
above. A positive 40-volt, 0.15- 
microsecond transmitter sync pulse 
is produced across cathode resistor 
R49 and coupled to connector J5. 


(5) Relay circuits. Relay K1 is operated 


when the HIPAR is being used. Con- 
tacts of Kl are used to change the 
free-running frequency of repetition 
rate oscillator V2A. Contacts of re- 
lay K2 select the appropriate variable 
resistor, R21 or R52, for pulse delay 
diode V3B. Contacts of relay K3 dis- 
connect the input to synchronizer am- 
plifier V1 under certain test condi- 
tions determined by TEST switch S1. 


15.2 (U). Acquisition-Track Synchronizer 
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a. General. The acquisition-track synchro- 
nizer generates the timing pulses that control 


syne pulse, which consists of a 
positive pulse superimposed on the 
leading edge of a negative disable 
gate, is applied from connector J1 
to INT-AUTO switch S1 (fig. 43.1, 
TM 9-1430-257-20). When S81 is 
in the INT position, there is no in- 
put to syne amplifier V1 and repe- 
tition rate blocking oscillator V2A 
operates as a free-running blocking 
oscillator, as described in (b) be- 
low. Switch S1 is placed in the 
INT position during chassis testing 
or when it is desired to operate the 
acquisition-track synchronizer dis- 
connected from the MTI system. 
When S1 is placed in the AUTO 
position, the MTI auto sync pulse 
is developed across resistor R2 and 
applied to the control grid of V1. 
The positive portion of the MTI 
auto syne pulse is amplified in 
V1 and a resulting negative sync 
pulse is developed across the pri- 
mary of blocking oscillator trans- 
former Tl, Amplifier V1 is cut 
off for the following 1500 micro- 
seconds by the negative disable 
gate portion of the MTI auto syne 
pulse. This action prevents false 
triggering of V2A by circuit stray 
pulses. Capacitor Cl and resistor 
Ri provide a screen-grid decou- 
pling for V1. Resistor R3 es- 
tablishes bias for V1 and capacitor 
C2 bypasses ac signals around R3. 


(b) Repetition rate blocking oscillator 


V2A. 
1. Free-running operation. When 
plate voltage is applied, V2A 
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conducts. The surge of current 
through plate winding 1-2 of T1 
causes a voltage to be induced 
in winding 3-4 of T1, This 
drives the grid positive, and cur- 
rent increases through V2A and 
plate winding 1-2 of Tl. The in- 
crease in current causes a larger 
positive voltage to be coupled to 
the grid of V2A, and the re- 
generative coupling action be- 
tween the plate and grid 
windings of T1 quickly drives 
V2A into saturation. However, 
grid current flows before satura- 
tion is reached. This current 
charges the grid side of capacitor 
C4 negative. At saturation, the 
eurrent through winding 1-2 be- 
comes constant. Since no positive 
voltage is coupled to the grid of 
V2A, tube current decreases. 
When NAR is selected, relay K1 
is deenergized and capacitor C4 
is allowed to discharge through 
resistor R11, FREQ variable re- 
sistor R6, R5, the 4250-volt 
power supply, ground, and 
through cathode resistors R48 and 
R47 back to C4. When AAR is 
selected, relay Ki is energized 
and capacitor C4 must discharge 
through the additional resistance 
of R50. Relay K1 is operational 
only in the target radar control 
console. It does not operate in 
the acquisition radar system. The 
negative voltage on C4 causes a 
decrease in conduction through 
V2A and allows the electromag- 
netie fields of winding 1-2 in T1 
to start collapsing, The collaps- 
ing fields of winding 1-2 of Tl 
causes a negative voltage to be 
coupled through C4 to the grid 
of V2A, driving V2A well be 
yond cutoff. As C4 discharges, 
the grid of V2A rises toward 
ground, Near ground potential, 
V2A conducts and the free-run- 
ning cycle is repeated. Resistor 
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R6 is adjusted so that the free- 
running frequency is slightly 
lower than 500 pps when NAR 
is selected. When AAR is 
selected, the additional delay in 
discharge time for C4 through 
added resistor R50 changes the 
free-running frequency of the 
target track synchronizer to 400 
pps. This allows the MTI auto 
pulse to trigger the circuit into 
oscillation before it normally be- 
comes free-running, provided the 
INT-AUTO switch is set to 
AUTO. 

2. Synchronized operation. Since 
the pulse repetition frequency of 
the MTI auto sync pulse is 500 
pps, it is applied to the grid of 
V2A at a time when the grid 
is still rising exponentially to- 
ward cutoff. Therefore, the MTI 
auto syne pulse raises the grid 
potential above cutoff prior to 
the time V2A would normally 
conduct in its free-running state. 
This action synchronizes its fre- 
quency with the MTI auto syne 
pulse frequency, A positive 20- 
40-volt, 1-microsecond pulse is 
developed across R48 and coupled 
to connector J2, trigger amplifier 
V3A, and 10-microsecond delay 
network Z2. Capacitors C3A and 
C3B and resistor R5 form a de- 
coupling network for the +250- 
volt power supply. 

(2) IFF trigger pulse circuit. The posi- 
tive preknock pulse is coupled from 
the cathode of V2A through ca- 
pacitor C12 to grid 2 of cathode- 
follower section 1-2-8 of V6, Section 
1-2-8 of V6 is normally cut off by 
-25 volts applied to the grid by the 
voltage divider composed of resistors 
R35 and R34 from ground to -250 
volts. When triggered by the pre- 
knock pulse, section 1-2-3 of V6 
conducts and a positive pulse is de- 
veloped across cathode resistor R53. 
This positive pulse is coupled to IFF 
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TRIGGER OUT connector J6. This 
trigger pulse is used in the external 
IFF equipment. Resistor R42 and 
capacitor C14 decouple the ac signals 
on the plates of V6 from the power 
supply. 

MTI test pulse circuit. The positive 
preknock pulse is delayed 10 micro- 
seconds in delay network Z2 and 
then coupled through crystal diode 
CR1 to winding 1-2 of pulse trans- 
former T3. The pulse output voltage 
from the delay network is developed 
across resistor R44, Crystal diodes 
CR1 and CR2 are connected to shunt 
negative pulses developed in winding 
1-2 of T3 to ground to prevent inter- 
action in the preknock pulse circuit. 
The blocking oscillator section of V6 
is normally cut off by -25 volts ap- 
plied to grid 7 by the voltage divider 
composed of resistors R38 and R37 
from ground to the —250-volt supply. 
When triggered by the preknock 
pulse, V6 conducts for 7 microsec- 
onds. The operation of the blocking 
oscillator section of V6 is similar to 
V2A, as described in (1) (b) above. 
A positive 6-volt, 7-microsecond test 
pulse is developed across cathode re- 
sistor R40. This pulse is applied to 
connector J8. Resistor R42 and ca- 
pacitor C14 are a decoupling network 
for the +250-volt power supply. 
Syne pulse circuit. 


(a) The positive preknock pulse is 


coupled through capacitor C5 and 
resistor R14 to the grid of trigger 
amplifier V8A. Amplifier V3A is 
normally cut off by —30 volts ap- 
plied to the grid by the voltage 
divider consisting of resistors R13 
and R12 from ground to the -250- 
volt supply. When the preknock 
pulse triggers V8A into conduc- 
tion, an amplified negative pulse 
is developed across resistor R15. 
This resistor is the common plate 
load of V3A and delay multivi- 
brator section 1-2-3 of V4, which 
is one section of a monostable 
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plate-coupled multivibrator, The 
negative pulse is then coupled 
through capacitor C7 to grid 7 of 
delay multivibrator V4. 
Multivibrator V4 section 1-2-3 is 
normally cut off by -80 volts ap- 
plied to grid 2 by the voltage di- 
vider consisting of resistors R16 
and R17 from ground to the —250- 
volt supply. Multivibrator V4 sec- 
tion 6-7-8 is normally conducting 
since grid 7 is returned through 
current limiting resistor R22 to the 
+ 250-volt supply. 

When the negative pulse is ap- 
plied to grid 7 of V4 from V3A, 
V4 section 6-7-8 cuts off. The 
resulting positive rise in plate volt- 
age at plate 6 of V4 is coupled 
through capacitor C6 to grid 2 of 
V4 and raises the grid above cut- 
off. The resulting negative drop 
in plate voltage at pin 1 of V4 is 
coupled through C7 to grid 7 of 
V4, and keeps V4 section 6-7-8 cut 
off until C7 discharges sufficiently 
through R22 to place grid 7 of 
V4 near ground potential. At this 
point, 60 microseconds later, V4 
section 6-7-8 conducts. The result- 
ing negative drop in plate voltage 
at pin 6 of V4 is coupled through 
C6 to grid 2 of V4. This negative 
voltage cuts off section 1-2-3 of 
V4, returning V4 to the quiescent 
state with section 1-2-3 of V4 cut 
off and section 6-7-8 of V4 con- 
ducting. A negative 60-microsec- 
ond gate is produced in the plate 
circuit of V4 section 1-2-3, This 
gate is coupled directly to a pulse 
delay circuit composed of tempera- 
ture-controlled delay line Z1 and 
switch diode V3B. 

Switch diode V3B is connected as 
a diode since the grid is connected 
to the plate. In the quiescent 
state, V3B conducts heavily since 
its plate and grid are returned to 
the +250-volt supply. The return 
path is through Z1 and SYNC 
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DELAY variable resistor R21, and 
resistor R52 when K1 is deener- 
gized. The voltage drop across 
cathode resistor R41 places the 
plate and cathode of V8B at +2.5 
volts above ground. The capacitor 
located in Z1 charges between this 
voltage and the +250 volts at the 
plate of V4, which is cut off at 
this time, 

In the dynamic state, V4 section 
1-2-8 produces a negative 60-micro- 
second gate which is coupled 
through the delay line capacitor in 
Zl to V8B. This negative gate 
cuts off V8B, causing the voltage 
across R41 to drop to 0 volts. 
Simultaneously, the delay line ca- 
pacitor begins discharging to the 
low-plate voltage of V4 section 1- 
2-3 through Z1, R21, the +250-volt 
supply, ground, and V4 section 1- 
2-8. Adjustment of R21 varies the 
discharge time by +1 microsecond. 
Approximately 23.5 microseconds 
later, the plate of V3B rises slight- 
ly above ground potential. Since 
the plate of V3B is now positive 
with respect to the cathode, V3B 
conducts, The voltage across R41 
again rises to + 2.5 volts, producing 
the trailing edge of the 23.5-micro- 
second negative gate. Since V3B 
cuts on and off sharply, the output 
gate is square-sided, thus lending 
itself easily to differentiation. The 
conduction of V3B clamps its plate 
to +2.5 volts, preventing any fur- 
ther discharge of the delay line ca- 
pacitor. Therefore, this capacitor 
charges from +2.5 volts to the 
low-plate voltage of section 1-2-3 
of V4, When the trailing edge of 
the 60-microsecond gate passes, the 
plate of section 1-2-3 of V4 rises 
again to +250 volts, The delay 
line capacitor continues charging to 
this voltage, re-establishing the 
quiescent condition of the circuit. 
A temperature-regulating resistive 
element is mounted in Z1 and re- 
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turned through terminals 4 and 5 
to 6.8 volts ac. Its heat dissipa- 
tion varies with temperature, thus 
effectively counteracting any tem- 
perature changes within Z1. Con- 
sequently, the resistance of the 
resistors within Z1 does not fluctu- 
ate with temperature changes, and 
the period of delay does not vary 
from 23.5 microseconds. Relay Ki, 
which operates only when the syn- 
chronizer is used with the target 
tracking radar system, is energized 
when the AAR is selected. When 
relay K1 is energized, AAR SYNC 
DELAY variable resistor R51 is 
switched in series with R21, and 
R52 is switched out of the plate 
circuit. This action changes the de- 
lay period from 28.5 microseconds 
to approximately 23.5 microseconds. 
This delay can be varied around 
23.5 microseconds by adjusting 
R51. This adjustment is set to 
provide correct gate adjustment for 
use with the AAR to compensate 


for the pulse repetition rate 
change. 
The negative 23.5-microgecond gate 


from V8B is coupled directly to 
the grid of pulse delay amplifier 
V5A. V5A is section 1-2-3 of V5 
and V5B is section 6-7-8 of V5. 
An amplified positive gate is dif- 
ferentiated by capacitor C8 and re- 
sistor R26, producing negative and 
positive pips at the grid of pulse 
delay amplifier V5B. The pips 
correspond in time to the leading 
and trailing edges of the 23.5- 
microsecond gate. 

With no signal applied, V5B is 
cut off by -25 volts applied to the 
grid by the voltage divider consist- 
ing of resistors R27 and R28 from 
ground to the —250-volt supply. 
Capacitor C9 stabilizes this poten- 
tial. The positive pip from V5A 
raises the grid of V5B above cut- 
off, and V5B conducts. An ampli- 
fied negative pip is developed 
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across primary winding 6-5 of 
blocking oscillator transformer T2. 
Since a blocking oscillator trans- 
former is designed to pass narrow 
pulses, its high-frequency response 
is good. Conversely, its low-fre- 
quency response is poor. There- 
fore, T2 passes the high-frequency 
components in the pips and at- 
tenuates the low-frequency com- 
ponents. This action effectively 
improves the shape of the pips. 
The pips are coupled through sec- 
ondary winding 1-2 and tertiary 
winding 3-4 of T2 to the grid of 
syne pulse blocking oscillator V2B. 
Blocking oscillator V2B is normal- 
ly cut off by approximately -25 
volts bias between the grid and 
cathode established by the voltage 
divider consisting of resistors R32, 
R88, and R80 connected between 
ground and the -250-volt supply. 
Since V2B is cut off, the leading 
negative pip has no effect, How- 
ever, the trailing positive pip trig- 
gers V2B into conduction 23.5 
microseconds after preknock time. 
The operation of V2B is similar to 
that of V2A, as described in (1) 
{b) above. Blocking oscillator V2B 
produces a positive 40-volt, 0.15- 
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gers VTA into conduction, an 
amplified negative pulse is devel- 
oped across winding 1-2 of block- 
ing oscillator transformer T4, This 
pulse is induced and inverted in 
winding 38-4 of T4 and applied as 
a positive pulse to the grid of 
transmitter syne pulse blocking os- 
cillator V7B. 


(6) Blocking oscillator V7B is normal- 


ly cut off by -25 volts applied to 
the grid by the voltage divider 
consisting of resistor R45 and R46 
from ground to the —250-volt sup- 
ply. The positive pulse raises the 
grid above cutoff, and V7B con- 
ducts for 0.15 microsecond. The 
operation of V7B is similar to V2A, 
as described in (1) (b) above. 
A positive 40-volt, 0.15-microsecond 
transmitter syne pulse is produced 
across cathode resistor R49 and 
coupled to connector J5. 


(6) Relay Ki. Relay K1 is operated in 


the synchronizer in the target radar 
control console when AAR is se- 
lected, Contacts of K1 are used to 
change the free running frequency of 
V2A. Contacts of K1 also select the 
appropriate variable resistor, R21 or 
R51, for V3B. 


16 {U). MTI Video Amplifier 8513331 
a, General. 
(1) The largest portion of the circuitry 


microsecond syne pulse, which is 
developed across cathode resistor 
R80 and coupled directly to con- 


nector J4 and through C15 to syne 
pulse amplifier V7A. Capacitor 
C10 and resistor R29 provide plate 
decoupling for V5B, V2B, V7A, 
and V7B. Resistor R8 limits any 
grid current in V7A. 


(5) Transmitter syne pulse circuit. 
(a) Syne pulse amplifier V7A is nor- 


mally cut off by -30 volts applied 
to the grid by the voltage divider 
composed of resistors R7 and R9 
from ground to the —250-volt sup- 
ply. V7A is section 1-2-3 of V7, 
and V7B is section 6-7-9 of V7. 
Capacitor C16 stabilizes this po- 
tential. When the syne pulse trig- 


on the MTI video amplifier chassis 
is devoted to development of the 
AGC voltage which governs the gain 
of the delay video channel so that it 
will equal the gain of the nondelay 
video channel. Without this balance 
of gain, MTI operation would not 
be possible since a larger level of 
gain, in either channel, would then 
prevail as output. This AGC voltage 
is derived from the residue of the 
test pulse. The original test pulse is 
a 6-volt, 7-microsecond, positive pulse 
which is generated in the acquisition- 
track synchronizer and initially is ap- 
plied to the carrier oscillator. In the 
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carrier oscillator, the test pulse is in- 
jected between the preknock pulse 
and MTI video pulse. All three 
pulses then modulate the 15-mega- 
eycle RF carrier. The test pulse is 
carried through both the delay and 
nondelay channels, If the inverted 
facsimiles of the pulses are equal, 
they cancel by summation in the 
MTI synchronizer, However, if the 
amplitudes of the test pulse differ in 
the two channels, the algebraic dif- 
ference appears as residue which is 
then detected and amplified in the 
MTI video amplifier and returned to 
the delay amplifier as AGC to achieve 
balanced gain between the delay 
video and nondelay video channels. 
The remainder of the circuitry in the 
video amplifier chassis rectifies the 
combined phase 1 and phase 2 mov- 
ing-target video to produce a com- 
posite output of negatively polarized 
MTI video pulses, This signal is 
necessary for final mixing with azi- 
muth and range marks in the external 
video and mark mixer. 


b. Detailed Theory, 
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(1) MTI video circuit. 


(a) The MTI video circuit provides ad- 


vantages of push-pull amplification 
for residue voltages emanating 
from the external MTI synchro- 
nizer. The push-pull output is con- 
nected to a full-wave crystal recti- 
fier to produce a_ single-ended 
negative output. The phase 1 and 
phase 2 residue video output from 
the MTI synchronizer is applied to 
the MTI video amplifier through 
connectors J2 and J3, respectively 
(fig. 40, TM  9-1430-257-20). 
Phase 1 is coupled through capaci- 
tor C2 to phase 2 amplifier V1B. 
Resistors Rl and R2 are the re 
spective grid return resistors. Re- 
sistor R8 is the common cathode 
resistor for VIA and V1B. When 
a positive signal appears at the 
grid of VIA, driving V1A farther 
into conduction, more current flows 
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through R8 creating a more posi- 
tive voltage at the cathodes of 
VIA and V1B. This in turn de- 
creases current through V1B which 
aids the push-pull operation of 
VIA and V1B. 

Assume that a positive signal exists 
on the grid of VIA. An increase 
in current through resistor R4 pro- 
duces a negative-going voltage 
coupled from the plate of VIA 
through capacitor C3 to the MTI 
video full-wave rectifier composed 
of crystal diodes CR1 through CR4. 
Diode CR2 blocks because the 
cathode is at a higher level than 
the plate. However, the negative- 
going voltage from VIA causes 
CR1 to conduct through MTI 
VIDEO variable resistor R10 to 
ward +250 volts, The amount of 
signal required is picked off by 
the brush arm of R10 and applied 
through blocking capacitor C7 and 
connector J6 to the external switch- 
ing and mixer unit. While the 
output from V1A goes negative, 
the output from V1B goes posi- 
tive. Diode CR4 blocks but diode 
CR8 conducts, and the positive sig- 
nal from V1B is dissipated in re- 
sistor R11. When the phase of the 
input signal reverses, the counter- 
part components perform reciprocal 
functions, i.e, while the output 
from V1B goes negative, the out- 
put from VLA goes positive. Di- 
odes CRI and CR8 block, but 
diodes CR2 and CR4 conduct; the 
positive signal from V1A is dissi- 
pated in Ril, and the negative 
signal from V1B is developed 
across R10. In either case, the 
outputs developed across R10 are 
negative MTI video pulses. 


(2) Test video circuit. 


(a) The test video circuit is part of a 


built-in test facility used for per- 
forming MTI system adjustment 
procedures. The signa] developed 


in this circuit is used for monitor- 
ing purposes while making the re- 
quired adjustments. 


(b) All residue components developed 


across resistor R5 are applied 
through coupling capacitor C4 to 
the grid of test video cathode fol- 
lower V2A. This signal is devel- 
oped across resistor R6, and since 
the cathode follows the grid, the 
output is coupled from the junc- 
tion of resistors R7 and R8 of the 
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voltage divider composed of re- 
sistors R9, R8, and R7 through 
connector J4 to the external MTI 
oscilloscope. 


(8) AGC cirewit. 
(a) The AGC circuit is devoted to de- 


velopment of the MTI system AGC 
voltage. It consists of cascaded 
low-gain amplifier stages V3A, V3B, 
V4A, and V4B, followed by gate 
amplifiers V5 and V6 and used to 
detect test pulse residue at test 


229 


(b 


(¢ 


(d 


) 


CONFIDENTIAL .......... 


pulse time and to eliminate the video 
residue. Accurate discrimination of 
test residue is accomplished by means 
of bistable multivibrator V7A and 
V7B which “flips” with change in 
phase and constantly drifts along with 
changes in residue amplitude. The 
output is applied through AGC cath- 
ode follower V2B which isolates the 
multivibrator from the external load. 
Any residue present, due to the differ- 
ence in test pulses, is developed across 
V1B plate load resistor R5 and coupled 
through capacitor C6 and isolating re- 
sistor R12 to cathode follower V3A. 
The grid of V3A is at approximately 
21 volts positive potential due to bias 
developed between +150 volts and 
ground by the voltage divider consist- 
ing of resistors R15 and R16. This 
bias is applied to V3A through resis- 
tors R18 and Ri2. Resistors R12 and 
Ri8 form a divider which prevents the 
signal on the grid of V3A from ap- 
pearing on the grid of V3B since it is 
necessary that the grid of amplifier 
V3B be maintained at a constant de 
voltage. 

The phase 2 signal which feeds V3A is 
the residue of the test and video pulses 
from the cancellation point in the MTI 
synchronizer and can be either positive 
or negative depending upon the relative 
amount of signal difference in the delay 
and nondelay channels. Assume that 
the signal on the grid of V3A is posi- 
tive. The cathode follows the grid, 
and the signal developed across resistor 
R13 is cathode-coupled to~ amplifier 
V8B. Since the grid of V3B is posi- 
tively biased, the grid draws current 
and charges capacitor C9. Should 
noise transients in cathode signal ex- 
ceed the positive grid bias, V3B swings 
toward cutoff, and clipping of the noise 
level occurs, 

The signal developed across plate load 
resistor R14 follows the cathode and is 
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coupled through capacitor C8 and iso- 
lating resistor R19 to the grid of push- 
pull cathode coupled amplifier V4A. 
The grid of V4A is also kept at approx- 
imately 21 volts positive bias through 
resistor R17, Amplifier V4A is the 
inverter half of V4 and both V4A and 
push-pull cathode coupled amplifier 
V4B are mutually coupled through the 
cathodes connected to bias resistor R20. 
The grid of V4B is also held at approx- 
imately 21 volts positive potential by 
the voltage developed across R16. The 
positive signal applied to V4A is in- 
verted and developed across resistor 
R21 and coupled through capacitor C10 
and limiting resistor R23 to the control 
grid of gate amplifier V5. In a similar 
manner, the positive signal applied to 
V4B is developed across R22 and 
coupled through capacitor C11 and 
limiting resistor R26 to the control grid 
of gate amplifier V6. The grids of V5 
and V6 are returned through resistors 
R24 and R25 to —5 volts bias developed 
across the voltage divider consisting of 
resistors R27 and R28 between —250 
volts and ground. The inputs to the 
control grids of V5 and V6 normally 
are low amplitude video signals. Since 
these tubes are biased near cutoff, all 
low level positive and negative signals 
are amplified. The suppressor grids 
are cut off by the —12 volts bias devel- 
oped across the voltage divider consist- 
ing of resistors R30 and R31 between 
—250 volts and ground. 

Amplifiers V5 and V6 are pentodes 
used for gating purposes in this circuit, 
and the positive video and test pulse, 
assumed as the input to V3A in (e) 
above, produces a negative residue 
signal on the control grid of V5. 

The positive test pulse coming directly 
from the acquisition-track synchro- 
nizer is applied through connector J1, 
resistor R29, and capacitor C12 to the 
suppressor grids of V5 and V6 (fig. 5). 
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Capacitor C13 bypasses transient volt- 
ages to ground, This test pulse and 
the test. pulse residue arrive at V5 and 
V6 at the same time. The video resi- 
due is also applied to the control grids 
of V5 and V6 since it is present at the 
reference point from which the test. 
pulse residue is taken, i.e., the junction 
of R5 and the plate of VIB. Elimi- 
nation of the video residue is necessary 
to prevent interference with generation 
of the AGC voltage. 

The video residue occurs along the 
base line at an indefinite time interval 
(n-microseconds) later than the test. 
pulse residue, depending upon the 
range of the target. Therefore, the 
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Figure 5, (U) Teat pulse residue gating waveforms. 
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test pulses are passed, but the video 
residue does not pass the gating stage 
since no positive gating voltage is 
present on the suppressor grids which 
are cut off by the —12-volt bias during 
the time video residue appears on the 
control grid. The only output from 
the gating stage may be the test pulse 
plus or minus the test pulse residue. 
With an assumed positive test pulse 
residue signal on the control grid of V6 
and a full test pulse applied to the 
suppressor grid of V6, the output from 
V6 is the full test pulse plus the test 
pulse residue. Then the output from 
V5 can only be the full test pulse minus 
the test pulse residue. 

The outputs of V5 and V6 (fig. 40, TM 
9-1430-257-20) control bistable multi- 
vibrator VTA and V7B. The plate of 
V5 is connected to the plate of V7A, 
and resistor R36 is the common plate 
load. The same relationship exists be- 
tween V6 and V7B where R87 is the 
common plate load resistor. Because 
the plate of V7A is coupled through 
resistor R34 and capacitor Cl4 to the 
grid of V7B, and the plate of V7B is 
coupled through resistor R35 and ca- 
pacitor C15 to the grid of V7A, the 
output of V5 actually controls V7B, 
and the output of V6 controls V7A. 
With a small input signal, the limited 
amplification capabilities of V8A, 
V8B, V4A, and V4B produce a small 
difference of output between V5 and V6, 
By regulating the multivibrator from 
these two points, contro] that is sen- 
sitive to the small changes is obtained. 
When the output from V5 has less am- 
plitude than the output from V6, am- 
plifier V6 lowers the voltage on the 
plate of V7B and tends to drive V7A 
toward cutoff. The negative-going 
voltage from V6 is coupled from the 
plate of V7B through C15 and R35 to 
the grid of V7A and causes V7A to go 
toward cutoff. At the same instant, the 
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less negative output from V5 and the 
positive-going voltage from the plate 
of V7A are coupled through C14 and 
R34 to the grid of V7B. Multivibrator 
V7B is driven into heavier conduction 
and the resultant drop from its plate 
is applied to the grid of V7A, thus 
driving V7A farther toward cutoff. 
This initial condition starts the multi- 
vibrator action and, because of the re- 
generative nature of the circuit, this 
action will continue. This action is 
gradual and follows the amplitude of 
the input. If the output polarities of 
V5 and V6 do not interchange during 
successive cycles of the system opera- 
tion, there will be no change in the po- 
larity of the output of V7A and V7B. 


(+) With V7A cutting off, its plate voltage 


( 


rises and produces the leading edge of 
the waveform slope. The output from 
V7A is applied through resistors R38 
and R40 to the contro] grid of AGC 
cathode follower V2B. Resistors R36, 
R38, and R39 form a voltage divider 
between +150 volts and —250 volts. 
Resistor R40 and capacitor C16 inte- 
grate the multivibrator output before 
it is applied to the control grid of 
V2B. Resistor R40 also limits the grid 
current of V2B since during quiescent 
state the junction of R39 and R40 is 
at +7 volts. The output from V2B 
rises with the output from V7A. This 
signal is developed across cathode re- 
sistor R42 and maintained below zero 
reference level by clamping diode CRS, 
If the output attempts to go positive, 
the diode conducts and clamps the sig- 
nal at ground. Resistor R43 protects 
CR5 in case the ~250-volt power sup- 
ply fails. 

The AGC voltage derived from the test 
pulse residue is negative or more nega- 
tive only. The output voltage is con- 
tinually seeking equilibrium since the 
multivibrator has no neutral state. 
The rise in the slope of the output 
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waveform is produced by V7A voltage 
rise, and the fall of the slope is pro- 
duced by a rise in V7B voltage output. 
However, any change in the output of 
the AGC circuit is relatively smooth, 
tending to oscillate slowly about the 
equilibrium point. This output is ap- 
plied through connector J5 to the ex- 
ternal delay amplifier chassis. 


17. Switching and Mixer Unit 8513387 

a. General. The switching and mixer unit gen- 
erates voltages that establish and control the 
boundaries of an MTT sector on the PPI presenta- 
tion of the acquisition radar system. 

6, Detailed Theory. The switching and mixer 
unit (fig, 38, TM 9-1430-257-20) combines the 
preknock pulse, sector angle resolver voltage, by- 
pass video, MTI video, and IFF video to produce 
a composite output to be utilized by the external 
video and mark mixer. The above signals are 
mized to obtain azimuth and range components 
for sector presentation of MTI on the acquisition 
presentation system, to obtain a normal radial 
sweep with a combination of MTI and bypass 
video, or to obtain a normal radial sweep with 
bypass video only. The presentation obtained is 
selected by MTI—MODE switch $18 located on 
the acquisition control-indicator (fig. 21, TM 9- 
1430-257-20). The operation of the switching 
and mixer unit is explained in (1) through (3) 
below in terms of settings of MTI—MODE switch 
$18 in the SECTOR position, then the 360° posi- 
tion, and finally in the OFF position. 

(1) Circuit operation—MTI—MODE switch 
S18 in SECTOR position. 

(a) The functions of clipper amplifier VIA 
and 4-ke detector V1B (fig. 38, TM 9- 
1430-257-20) can be utilized only in 
the SECTOR position of MTI— 
MODE switch S18 (fig. 8). Ampli- 
fier VIA and detector V1B aid in the 
development of the MTI sector on the 
PPI presentation. Since the output of 
ViB is grounded through connector 
PI-1 in the OFF and 360° positions of 
$18, an MTT sector cannot be generated 
in these switch positions. The output 
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from an external sector angle resolver 
is applied through connector P2-9 to 
terminal i of 4 KC ADJ variable re- 
sistor Ri, The output from the sector 
angle resolver is a 4-ke signal (A, fig. 
6) modulated by a rotation component 
which represents the azimuth rate of 
the acquisition antenna. In order to 
get one null per revolution, the sector 
tesolver output is mixed with a 4-ke 
reference carrier (B, fig. 6) that is ap- 
plied through P2-7 to terminal 3 of 
Ri. The addition of in-phase compo- 
nents and the subtraction of out-of- 
phase components produce a waveform 
as indicated by C, figure 6. 

Variable resistor Ri (fig. 38, TM 9- 
1480-957-20) is set. to obtain minimum 
ac voltage at test point J6 during 
checks and adjustments. The selected 
reference point from the angle resolver 
yields a single null point for one an- 
tenna revolution, which later serves as 
a gate center for establishing a sector 
on the PPI presentation. The com- 
posite signal (C, fig. 6) is picked off by 
the brush arm of Ri (fig. 38, TM 9- 
1430-257-20) and applied through the 
isolation circuit consisting of capacitor 
C1 and resistor R9 to the control grid 
of clipper amplifier VIA. The isola- 
tion circuit prevents the —4.6-volt de 
bias, developed across R2 and R3 be- 
tween ground and —250 volts, from en- 
tering the 4-ke oscillator and the sector 
angle resolver. Since the —4.6-volt 
bias maintains conduction of V1A 
slightly above cutoff, grid clipping of 
the negative portion of the input volt- 
age occurs. Only the positive halves 
of the composite signal from R1 pass 
through VIA. These are inverted and 
amplified in V1A to produce a wave- 
form as shown in D, figure 6. 

The output of V1A (fig. 38, TM 9- 
1430-257-20) is coupled through ca- 
pacitor C2 to the cathode of V1B, 
Since any positive voltage on the 
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cathode cuts off V1B, the cutoff level 
set by means of SECTOR WIDTH 
variable resistor R6 governs the dura- | 
tion of V1B conduction. 
rent flow from —250 volts through re- 
sistors R5, R6, and R7 to +150 volts 
produces a dc level that is variable 
from —14 volts to +68 volts. A pre- 
set. value of voltage in this range pro- 
vides a de level for the voltage on C2. 
Signals at the cathode of VIB are de- 
veloped across R8, part of R6, and RS. 
These signals are also coupled through 
capacitor 03 to J6. 

Assume that this level (zero de line) 
is set 2 volts below the clipped level 
from V1A as shown in E, figure 6. All 
positive portions of the rotation volt- 
age will be clipped by V1B cutoff, and 
all negative portions will pass from 
cathode to plate to ground through the 
network consisting of resistor R10 and 
capacitor C4, Electron current flow 
through R10 produces a negative volt- 
age at the junction of R10 and the 
plate of VIB. When this voltage is 
applied to the suppressor grid of pre- 
knock selector V2, it prevents any con- 
duction through V2. Since Ré sets the 
level for V1B conduction, it establishes 
the sector width. This sector width is 
indicated by the dotted lines projected. 
upward from the zero de line as shown 
in E, F, and G, figure 6. The sector 
width is represented by a gate (H, fig. 
6) whose time interval exists between 
V1B cutoff and return to conduction. 
The gate is used later to produce the 
MTI sector. 

When Ré6 sets the zero de line 4 volts 
below the clipped level from VIA as 
shown in F, figure 6, V1B is cut off for 
a longer interval, thus producing « 
longer gate. This is extended further 
when the zero de line is set 6 volts be- 
low the clipped level from ViA as 
shown in G, figure 6, Then the are 
segment of the sector increases in 
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Figure 6. (0) MTT sector selection waveforms. 
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length and a wider sector is presented 
on the PPI presentation. During 
V1B conduction, the 4-ke component is 
filtered out in the R10, C4 network, and 
the output appears as represented by 
the waveforms shown in H, figure 6. 
During SECTOR operation of the 
switching and mixer unit (fig. 38, TM 
9-1430-257-20), preknock selector V2 
acts as a coincidence tube, The sup- 
pressor grid is returned to ground 
through the R10, C4 circuit instead of 
being grounded directly to the cathode 
of V2. With the suppressor connected 
in this manner, the suppressor grid cur- 
rent in V2 can increase to a level suffi- 
cient to cut off V2. In addition, the 
control grid of V2 is biased at — 14.75 
volts by a voltage divider consisting of 
Ri4and R15 between ground and — 250 
volts, thus providing two grid elements 
in V2, either of which can maintain 
V2 at cutoff. When the output from 
V1B is applied to the suppressor grid 
of V2, the maximum amplitude Y of 
the gate shown in H, figure 6 effectively 
grounds the suppressor grid. Then, 
for the duration of the gate, V2 is held 
below cutoff only by the bias on the 
control grid. 

Preknock pulses (J, fig. 6) are applied 
through connector J1 and coupled 
through capacitor C5 to the control grid 
of V2. ‘The presence of a gate from 
V1B on the suppressor grid of V2, in 
coincidence with preknock pulses on 
the control grid, drives V2 above cutoff. 
Then a series of preknock pulses is 
passed through V2 for a time interval 
equal to the width of the sector adjust- 
ment. The negative-gomg pulses are 
developed across resistor R16. The 
output, shown in K, figure 6, is coupled 
through capacitor 6 to the cathode of 
range phantastron diode 1 V3A. 


(hk) The generation of range in the MTT 


sector is performed by V3A, range 
phantastron diode 2 V3B, range phan- 


@ 


tastron B4, plus associated cirenit com- 
ponents. The output from V2 to VBA 
is shown in expanded form in A, figure 


7 to facilitate explanation of occur- \ 


rences per each preknock pulse. Be- 
tween preknock pulses, the cathode of 
V3A (fig. 8) is at +35 volts set by the 
drop across the resistance of the voltage 
divider consisting of resistors R17, R18, 
and R19. The plate voltage of V3A is 
set by the voltage divider consisting of 
resistor R21, the cathode-to-grid re- 
sistance of V4, and resistor R20. The 
drop through this circuit maintains the 
plate potential of V38A below that of 
the cathode, and consequently V3A is 
cut off. Capacitor C7 bypasses R18 
and maintains the voltage drop across 
R18 constant. This voltage is the 
suppressor grid voltage for V4. 

Between pulses, the positive control 
grid of V4 causes screen current flow 
toward the junction of resistor R25 
with resistors R23 and R24, which 
causes a voltage drop across "R23 and 
R24. Current flows from ground 
through resistor R13, part of SECTOR 
RANGE variable resistor Ril, con- 
nector P1-3, switch S18A-3 and 4, 
P1-7 and 9, TEST switch S1, P1-11, 
range phantastron diode 2 V3B, and 
resistor R22 toward +250 volts. This 
lowers the voltage at the junction of 
the plates of V3B and V4. Due to 
screen current through R21, the cath- 
ode of V4 is near the plate potential, 
and therefore plate current is cut off. 
Capacitor C9 charges and stabilizes the 
potential between the plate and control 
grid of V4. Consider this condition 
the pretrigger or quiescent state. 

A negative preknock pulse is coupled 
from V2 through C6 to the cathode of 
V3A. Diode V3A conducts and lowers 
the potential on the control grid of V4 
which then cuts off screen current and 
raises the screen voltage. This in- 
stantaneous rise is the beginning of the 
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range gate for MTT presentation and 
is shown as the leading edge of the 
square wave in B, figure 7. 

(#) On termination of the preknock pulse, 
the suppressor grid of V4 (fig, 8) re- 
eeives a positive pulse from the junc- (2) 
tion of R18 and R19, and the plate of 
V4 starts to conduct. Now the po- 
tential between the plate and control 
grid becomes unstabilized, and C9 be- 
gins to discharge through R20 toward 
+250 volts, Electron current flow 
from C9 through R20 causes the con- 
trol grid to go negative and maintains 


the screen grid cut off. Plate current 
increases and drops the plate voltage 
to a point where V3B cuts off. Then 
capacitor C19 charges to the voltage 
set by R11. 

After the preknock pulse has expired, 
the cathode of V3A returns to +35 
volts and the control grid of V4 returns 
to its quiescent state. Increase in 
screen current reduces plate current 
and the plate potential of V4 starts to 
tise. This rise in plate potential con- 
tinues until it is higher than the charge 
on C19 allowing V3B to begin conduct- 
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Figure 7. (0) MIT sector selection expanded waveforms. 
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ing. Capacitor C19 discharges rap- (m) Consider the case when the positive 
idly through V3B and the drop across pulse of the differentiated input to V6A 
R22 cuts off the plate of V4. Simul- (fig. 88, TM 9-~1430-257-20) causes 
taneously, the screen arrives at full V5A to conduct. Electron current 
conduction indicated by the trailing flowing from —250 volts, through cath- 
edge of area (A) shown in B, figure 7. ode resistor R28, V5A, and plate load 
Area (A) is the complete interval be- resistors R33 and R35, causes a voltage 
tween screen rise and fall and estab- drop (D, fig. 7) which is directly ap- 
lishes the time base for the range of plied to the suppressor grid of bypass 
the MTI. This interval is controlled video gate V6. This voltage is also 
by the setting of R11. The rise and applied through resistor R31 and ca- 
fall of screen voltage across capacitor pacitor C12 to the control grid of gat- 
C8 and resistor R29 (fig. 38, TM 9- ing multivibrator V5B. Reduction of 
1430-257-20) differentiates the screen current through V5B produces a posi- 
square wave as shown in C, figure 7. tive-going voltage across plate load 
This differentiated voltage is applied resistors R34 and R36. This signal (E, 
to the control grid of gating multi- fig. T) is applied to the suppressor grid 
vibrator V5A. of MTI video gate V7. 
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Figure 8, (U) MTI—MODE switch S818—sector position—partial schematic diagram. 
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(n) When the MTI video signal, applied 


through connector J3 to the control 
grid of V7, is in coincidence with the 
positive-going gate from V5B, gate V7 
conduets and passes the MTI video sig- 
nal. This is indicated by the positive 
area (MTI) in E, figure 7. At the 
same instant, bypass video, applied 
through connector J2, BY PASS 
GAIN variable resistor R27, and cou- 
pling capacitor C10 to the control grid 
of V6, is blocked due to the negative- 
going output from V5A. This is in- 
dicated by the negative area of the sig- 
nal (bypass video) in E, figure 7. 
Variable resistor R27 adjusts the input 
from J2 to equal the amplitude of 
MTI video at J3. Resistor R26 is used 
to protect the external noise-measuring 
equipment. 

On termination of the range gate from 
V4 (B, fig. 7), a differentiated pulse of 
negative polarity (C, fig. 7) is applied 
to the control grid of V5A. Then the 
operation of the gating multivibrator 
is opposite to that just discussed. Now 
bypass video is obtained from V6 (fig. 
38, TM 9-1430-257-20) while MTT 
video is cut off by V7. Crystal clipper 
OR1, bypassed by resistor R39, is sym- 
metrical to clipper CR2, bypassed by 
resistor R42. Each removes the posi- 
tive portion from the bypass video and 
the MTI video inputs, respectively. 
This clipping is necessary to prevent 
pretriggering of the respective gate 
tubes by positive pulses in the bypass 
video and the MTT video. 

The plates of V6 and V7 are connected 
and have a common load resistor, R43. 
A single output of either MTI video or 
bypass video is developed across R43. 
The bias on the cathodes of V6 and V7 
is dropped through resistors R38 and 
R40, respectively, and can be balanced 
between V6 and V7 by adjusting SW 
BAL variable resistor R37. This ad- 
justment insures that there is no change 


in de level in the output from V6 and 
V7 resulting from switching from one 
tube to the other, During switching, 
if one tube does not resume conduction 
at the same rate that the other tube 
ceases to conduct, a transient spike will 
develop. Gate level variable capacitor 
C5, connected to the control grid of 
V5B, and capacitor Cl4 shunt the 
switching transient to ground and thus 
eliminate the spike. Variable capac- 
itor O15 is adjustable to insure opti- 
mum shunting of the spike. 


(g) Note that with MTI—-MODE switch 


S18 (fig. 21, TM 9-1430-257-20) in the 
SECTOR or OFF position, C14 (fig. 
38, TM 9-1430-257-20) is not grounded 
but is effectively out of the circuit. In 
these two positions, the transient spike 
will appear on the PPI where it is used 
to mark the limit of the MTI range. 


(r) Either a bypass video or MTT video 


signal is coupled from the plates of 
V6 and V7 through capacitor C17 to 
the grid of video and IFF mixer V8A. 
When necessary during tactical opera- 
tions, an IFF signal is applied through 
connector J5, through the junction of 
terminating resistor R50, and through 
coupling capacitor C18 to the grid of 
video and IFF mixer V8B. The input 
to V8A is developed across resistor 
R45; the input to V8B is developed 
across R49. If either of these inputs 
exceeds —4 volts, they are clamped to 
this level by clamping diodes CR3 and 
CR4, respectively, This clamping 
voltage is established by the voltage 
divider consisting of resistors R46 and 
R47 connected to the —250-volt supply. 
The prevailing video signal and the 
IFF signal are mixed in the paralleled 
plates of V8A and V8B and applied 
through connector J4 to the external 
video and mark mixer. 


(2) Cireuit operation —MTI—MODE switch 


818 in 360° position. 


(a) In the 360° mode of operation, MTI 
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sector operation is eliminated and only 
normal PPI coverage of bypass video 
and moving-target video is presented. 
The suppressor grid of preknock selec- 
tor V2 is grounded through connector 
Pi-1 and MTI—MODE switch S18 
(fig. 8). The output from the sector 
angle resolver has no effect on V2 be- 
cause the output of V1B is grounded 
by the same path as the suppressor grid 
of V2. Since V2 is now connected as 
a pentode, all preknock pulses pass 
through to V3A. 

The remainder of the circuitry op- 
erates in an identical manner to SEC- 
TOR operation, as described in (1) 
above, with the following exceptions: 
The range of the radial sweep is ad- 
justed by means of 360° RANGE 
variable resistor R12. The electron 
current flows from ground through re- 
sistors R13 and R12, through MTI— 
MODE switch S18 and MTI CKT 
TEST switch S1 in the external MTI 
oscilloscope to the cathode of V3B. 
Assume that variable resistor R12 is 
adjusted to increase the recovery time 
of the plate of V4. As the brush arm 
of R12 is advanced toward +250 volts, 
the charge level of capacitor C19 is ex- 
tended, the plate of V4 reaches the 
charge level after a longer period, and 
the screen conducts for a longer period. 
Therefore, the MTI time is reduced and 
the duration of the bypass time is ex- 
tended as indicated by the dotted lines 
({B, C, D, and E, fig. 7) on the left 
closest to the initial preknock pulse. 
The opposite condition exists when the 
brush arm of R12 (fig. 8) is advanced 
toward ground. The charge level of 
C19 is reduced, the plate of V4 reaches 
the charge level after a shorter period, 
and the screen conducts for a shorter 
period. Therefore, the MTI time is 
increased and the duration of the by- 
pass time is reduced as indicated by 
the dotted lines (B, C, D, and E, fig. 7) 


on the right farthest from the pre- 
knock pulse. The setting of R12 (fig. 
8) determines the duration of the gate 


from V4 and consequently the division \ 


of PPI presentation between moving- 
target video and bypass video. 


(3) Circuit operation—MTI—MODE switch 


818 in OFF position. 


(2) During the OFF position of MTI-— 


MODE switch S18, moving-target 
video is eliminated and a normal 6,400- 
mil sweep of bypass video is presented, 
As during 360° operation, described in 
{2) above, the sector angle resolver has 
no effect since the suppressor grid of 
V2 is grounded through connector 
Pi1-1 and switch $18 In the OFF 
position of S18, the cathode of V3B is 
also grounded through MTI CKT 
TEST switch S1 in the MTI oscillo- 
scope, thus disabling the charging ca- 
ipabilities of capacitor C19. Since 
range control is disconnected, V3B con- 
ducts at all times and the constant volt- 


age drop across resistor R22 causes the 4 


plate voltage of V4 to be very low and 
renders the plate ineffective. Phantas- 
tron V4 is thus converted to an ampli- 
fier (using the screen grid as a plate) 
instead of a phantastron. 


(6) The preknock input to V2 (A, fig. 9) 


is similar to that used in the SECTOR 
and 360° modes of operation. How- 
ever, after the negative preknock input 
to V4 has expired (B, fig. 9), the con- 
trol grid returns to a positive potential 
determined by the voltage dropped 
across resistor R20, and screen grid 
current through V4 is resumed between 
preknock pulses. An inverted facsim- 
ile (C, fig. 9) of the V4 input is applied 
from the screen grid to differentiating 
network R29 and C8 (fig. 38, TM 9- 
1430-257-20). The leading and trail- 
ing edges of the positive pulses are 
differentiated by R29 and C8 produc- 
ing positive and negative differentiated 

pulses (D, fig. 9) at the grid of V5A. 
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The positive pulse drives V5A into 
conduction and the negative going 
plate of V5A causes V5B to cut off. 
The negative gate at the plate of 
V5A drives V6 into cutoff and the 
positive gate at the plate of V5B, 
when coincident with the MTI video 
pulse, drives V7 into conduction. 
However, this interval is short- 
lived because the negative pulse 
almost immediately cuts V5A off 
and V5B on. This action in turn cuts 
V6 on and V7 off. This conduction 
remains until the next preknock 
pulse is applied, at which time the 
cycle is repeated. Thus, bypass 
video is passed for practically the 
entire period between preknock 
pulses. 


17.1 {U). Electronic Gate 9150871 

a. General. The electronic gate generates 
voltages that establish and control the bounda- 
ries of an MTI sector on the PPI presentation 
of the acquisition radar system. 

b. Detailed Theory. The detailed theory of 
electronic gate 9150871 (fig. 91, TM 9-1430- 
257-20/1) is the same as that for the switching 
and mixer unit, paragraph 17, except that the 
IFF video in connector J5 and video and IFF 
mixer V8B are not used in electronic gate 
9150871. Therefore, for electronic gate 9150871 
paragraph 17b(1) (r) should read as follows: 
Either a bypass video or MTI video signal is 
coupled from the plates of V6 and V7 through 
capacitor C17, developed across grid resistor 
R45 and applied to the grid (pin 3) of video 
and IFF mixer V8. Bias for the grid is estab- 
lished by the voltage divider consisting of re- 
sistors R46 and R47 between cathode and 
ground. The low impedance output of V8 is 
applied through capacitor C18 and connector 
J4 to the video and mark mixer. 


17.2 (U). Electronic Gate 9990560 

a. General. The electronic gate generates 
voltages that establish and control the bound- 
aries of an MTI sector on the PPI presentation 
of the acquisition radar system. 

b. Detailed Theory. The electronic gate (fig. 
38.1, TM 9-1430-257-20) combines the preknock 
pulse, sector angle resolver voltage, bypass 
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video, MTI video, and/or jam strobe video to 
produce a composite output to be used by the 
external video and mark mixer. The above sig- 
nals are mixed to obtain azimuth and range 
components for presentation on the acquisition 
presentation system, to obtain a normal radial 
sweep with a combination of MTI video, by- 
pass video, and jam strobe video, or to obtain 
a normal radial sweep with jam strobe video 
only, Also, a normal radial sweep with bypass 
video only may be obtained. The presentation 
obtained is selected by MTI- MODE switch 518 
located on the acquisition and IFF control-in- 
dicator (fig. 21.2, TM 9-1430-257-20), AJD 
switch S20, and JS ONLY switch 811. The 
operation of the electronic gate is explained in 
terms of settings of the three switches located 

on the acquisition and IFF control-indicator. 
(1) Circuit operation — MTI-MODE 
switch S18 in SECTOR position, JS 
ONLY switch Sit in OFF position, 
and AJD switch S20 in OFF position. 
(a) The functions of clipper amplifier 
V1A and 4-ke detector VIB (fig. 
88.1, TM 9-1430-257-20) can be 
utilized only in the SECTOR posi- 
tion of MTI-MODE switch S18. 
Amplifier V1A and detector V1B aid 
in the development of the MTI sec- 
tor on the PPI presentation. Since 
the output of VIB is grounded 
through connector P1-1 in the OFF 
and 360° positions of $18, an MTI 
sector cannot be generated in these 
switch positions. The output from an 
external sector angle resolver is ap- 
plied through connector P2-9 to ter- 
minal 1 of 4 KC ADJ variable re- 
sistor Rl. The output from the sec- 
tor angle resolver is a 4-ke signal 
(A, fig. 6) modulated by a rotation 
component which represents the azi- 
muth rate of the acquisition antenna. 
In order to get one null per revolu- 
tion, the sector resolver output is 
mixed with a 4-ke reference carrier 
(B, fig. 6) that is applied through 
P2-7 to terminal 3 of Rl. The addi- 
tion of in-phase components and the 
subtraction of out-of-phase compo- 
nents produce a waveform as indi- 

eated by C, figure 6. 


(b) 
(ce) 
(ad) 
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Variable resistor R1 (fig. 38.1, TM 
9-1430-257-20) is set to obtain min-~ 
imum ac voltage at test point TP1 
during checks and adjustments. The 
selected reference point from the 
angle resolver yields a single null 
point for one antenna revolution, 
which later serves as a gate center 
for establishing a sector on the PPI 
presentation. The composite signal 
(C, fig. 6) is picked off by the brush 
arm of R1 (fig. 38.1, TM 9-1430- 
257-20) and applied through the iso- 
lation circuit consisting of capaci- 
tor C1 and resistor R2 to the control 
grid of clipper amplifier V1A. The 
isolation circuit prevents the —4.6- 
volt de bias, developed across R4 
and R38 between ground and —250 
volts, from entering the 4-ke oscilla- 
tor and the sector angle resolver. 
Since the —4.6-volt bias maintains 
conduction of V1A slightly above 
cutoff, grid clipping of the negative 
portion of the input voltage occurs. 
Only the positive halves of the com- 
posite signal from R1 pass through 
V1A. These are inverted and ampli- 
fied in V1A to produce a waveform 
as shown in D, figure 6. 

The output of VIA (fig. 38.1, TM 9- 
1430-257-20) is coupled through ca- 
pacitor C2 to the cathode of V1B. 
Since positive voltage on the cathode 
cuts off V1B, the duration of its con- 
duction is governed by the cutoff 
level set by SECTOR WIDTH vari- 
able resistor R8. A voltage divider 
composed of resistors R7, R8, and 
R9 provides a de voltage that is 
variable from —14 volts to +68 
volts. A preset value of voltage in 
this range provides a de level for 
the voltage on C2. Signals at the 
cathode of V1B are developed across 
Ré6, part of R8, and R7. These sig- 
nals are also coupled through capa- 
citor C3 to TP. 

Assume that this level (zero de line) 
is set 2 volts below the clipped level 
from V1A as shown in E, figure 6. 
All positive portions of the rotation 


(e) 


(f) 
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voltage will be clipped by V1B cut- 
off, and all negative portions will 
pass from cathode to plate to ground 
through the network consisting of 
resistor R17 and capacitor C8. Cur- 
rent through R17 produces a nega- 
tive voltage at the junction of R17 
the plate of V1B, and also at the 
suppressor grid of preknock selector 
V2 where it prevents tube conduc- 
tion, Since R8 sets the level for VIB 
conduction, it also establishes the 
sector width. This sector width is 
indicated by the dotted lines pro- 
jected upward from the zero de line 
as shown in E, F, and G, figure 6. 
The sector width is represented by 
a gate (H, fig. 6) whose time inter- 
val exists between V1B cutoff and 
return to conduction. The gate is 
used later to produce the MTI 
sector. 

When R8 sets the zero de line 4 volts 
below the clipped level from V1A as 
shown in F, figure 6, V1B is cut off 
for a longer interval, thus producing 
a longer gate. This is extended fur- 
ther when the zero de line is set 
6 volts below the clipped level from 
VIA as shown in G, figure 6. Then 
the arc segment of the sector in- 
creases in length and a wider sector 
is presented on the PPI presenta- 
tion. During VIB conduction, the 
4-ke component is filtered out in the 
R17, C8 network, and the output ap- 
pears as represented by the wave- 
forms shown in H, figure 6. 
During SECTOR operation of the 
switching and mixer unit (fig. 38.1, 
TM 9-1430-257-20), preknock selec- 
tor V2 acts as a coincidence tube. 
The suppressor grid is returned to 
ground through the R17, C8 circuit 
instead of being grounded directly 
to the cathode of V2. With the sup- 
pressor connected in this manner, 
the suppressor grid current in V2 
can increase to a level sufficient to 
cut off V2. In addition, the control 
grid of V2 is biased at —14.75 volts 
by a voltage divider consisting of 
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R18 and R19 between ground and 
—250 volts, thus providing two grid 
elements in V2 which can maintain 
V2 at cutoff. When the output from 
VIB is applied to the suppressor 
grid of V2, the maximum amplitude 
Y of the gate shown in H, figure 6 
effectively grounds the suppressor 
grid. Then, for the duration of the 
gate, V2 is held below cutoff only 
by the bias on the control grid. 
Preknock pulses (J, fig. 6) are ap- 
plied through connector J1 and cou- 
pled through capacitor C9 to the 
control grid of V2. The presence of 
a gate from V1B on the suppressor 
grid of V2, in coincidence with pre- 
knock pulses on the control grid, 
drives V2 above cutoff. Then a 
series of preknock pulses is passed 
through V2 for a time interval equal 
to the width of the sector adjust- 
ment. The negative-going pulses are 
developed across resistor R10. The 
output shown in K, figure 6, is 
coupled through capacitor C4 to the 
cathode of range phantastron diode 
1 VBA. 

The generation of range in the MTI 
sector is performed by V8A, range 
phantastron diode 2 V3B, range 
phantastron V4, plus associated cir- 
cuit components. The output from 
V2 to V3A is shown in expanded 
form in A, figure 7 to facilitate ex- 
planation of occurrences per each 
preknock pulse. Between preknock 
pulses, the cathode of V3A (fig. 
88.1, TM 9-1430-257-20) is at +35 
volts set by the drop across the re- 
sistance of the voltage divider con- 
sisting of resistors R11, R13, and 
R14. The plate voltage of V3A is 
set by the voltage divider consisting 
of resistor R12, the cathode-to-grid 
resistance of V4, and resistor R23. 
The drop through this circuit main- 
tains the plate potential of V8A be 
low that of the cathode, and conse- 
quently V3A is cut off. Capacitor 
C5 bypasses R14 and maintains the 
voltage drop across R14 constant. 
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This voltage is the suppressor grid 
voltage for V4. 

Between pulses, the positive con- 
trol grid of V4 causes plate and 


screen current generating a voltage, 
drop across R23. Electrons flow’ 


from ground to the +250 volts sup- 
ply through resistor R27, part of 
SECTOR RANGE variabie resistor 
R25, connector P1-3, switch S18A-3 
and 4, P1-7 and 9, TEST switch S1, 
Pl-11, range phantastron diode 2 
V8B, and resistor R16. This lowers 
the voltage at the junction of the 
plates of V3B and V4. Because of 
screen current in R23, the cathode 
of V4 approaches plate potential, 
cutting off plate current. Capacitor 
C6 charges and stabilizes the poten- 
tial between the plate and control 
grid of V4. Consider this condition 
the pretrigger or quiescent state. 

A negative preknock pulse is cou- 
pled from V2 through C4 to the 
cathode of V3A. Diode V3A con- 
ducts and lowers the potential on 
the control grid of V4, cutting off 


square wave in B, figure 7. 

On termination of the preknock 
pulse, the suppressor grid of V4 
(fig. 88.1, TM 9-1480-257-20) re- 
ceives a positive pulse from the 
junction of R13 and R14, and the 
plate of V4 starts to conduct. The 
potential between the plate and con- 
trol grid becomes unstable, and C6 
begins to discharge through R12 
toward +250 volts. Current from 
C6 through R12 causes the control 
grid to go negative and maintains 
the screen grid cut off. Plate cur- 
rent increases and drops the plate 
voltage to a point where V3B cuts 
off. Then capacitor C7 charges to 
the voitage set by R25. 

After the preknock pulse has ex- 
pired, the cathode of V3A returns to 


sereen current and raising the 
screen voltage. This instantaneous 
rise is the beginning of the range 
gate for MTI presentation and is 
shown as the leading edge of the 


cB 


+35 volts and the control grid of 
V4 returns to its quiescent state. 
Increase in screen current reduces 
plate current and the plate potential 
of V4 starts to rise. This rise in 
plate potential continues until it is 
higher than the charge on C7, allow- 
ing V3B to begin conducting. Capa- 
citor C7 discharges rapidly through 
V3B and the drop across R16 cuts 
off the plate of V4. The square wave 
generated across the cathode resis- 
tor R23 of V4 is coupled through ca- 
pacitor C15, developed across resis- 
tor R20 and applied to the grid of 
V5A. Resistors R22 and R21 be- 
tween —250 volts and ground form 
a voltage divider network which 
holds a bias on the grid of V5A of 
approximately —195 volts. Crystal 
diode CR1 is a positive clamper 
which holds the bias on V5A nearly 
constant. 


(m) Consider the case when the posi- 


(nm) 


tive pulse of the input to V5A (fig. 
38.1, TM 9-1480-257-20} causes 
V5A to conduct. Electron current 
from —250 volts, through cathode 
resistor R34, V5A, and plate load 
resistors R37 and R39 causes a 
voltage drop (D, fig. 7) which is 
applied directly to the grid of gen- 
erator gate V6A. This voltage is 
also applied through resistor R35 
and capacitor C11 to the control 
grid of gating multivibrator V5B. 
Reduction of current through V5B 
produces a positive-going voltage 
across plate load resistors R38 and 
R40. This signal (E, fig. 7) is ap- 
plied to grid of gate generator V6B 
through resistor R42. 

Gate generator V6A is cut off by 
the negative signal from V5A and 
the drop across common cathode re- 
sistor R44 caused by V6A current is 
removed. This action allows one 
section of gating amplifier V7 to 
conduct and allows bypass video to 
be amplified. Simultaneously the 
positive signal from V5B causes 
V6B to conduct heavily and causes 
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a large voltage drop across common 
cathode resistor made up of SW 
BAL variable resistor R45 and re- 
sistor R46 in series. This raises the 
cathode of the other section of 
gating amplifier V7 to cutoff and 
MTI video is blocked. When the 
negative pulse input cuts off V5A, 
V5B conducts and gate generators 
V6A and V6B reverse, and MTI 
video is passed while bypass video 
is blocked. Resistors R39 and R40 
are grid return resistors for V6A 
and V6B and resistors R41 and R42 
are current limiting resistors. Crys- 
tal diodes CR4 and CR5 clip the 
positive pulses from the output of 
V5A and V5B to prevent the grids 
of V6A and V6B from becoming 
positive and drawing excessive grid 
current. 

When the MTI video signal, applied 
through connector J8 to control grid 
7 of V7, is in coincidence with the 
negative going gate from V5B and 
V6B, section 6, 7, 8, of V7 conducts 
and passes the MTI video signal, At 
the same instant, bypass video ap- 
plied through connector J2 to con- 
trol grid 3 of V7, is blocked due to 
the positive going output from V5A 
and V6A, Resistors R32 and R33 
are grid return resistors for the two 
sections of V7. Crystal diodes CR2 
and CR8 clip the positive portions of 
the bypass and MTI video, respec- 
tively. 

The two plates of V7 are connected 
and have a common load resistor, 
R47. A single output of either MTI 
video or bypass is developed across 
R47. The bias on the cathodes of 
V7 is dropped through resistor R44 
for section 2, 8, 4, and SW BAL 
variable resistor R45 in series with 
R46 for section 6, 7, 8. The cathode 
bias can be balanced between the 
two sections of V7 by adjusting SW 
BAL variable resistor R45. This ad- 
justment insures that there is no 
change in dc level in the output 
from the two sections of V7 when 
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(2) Cireuit 


switehing from one section to the 
other. Inductor Ll prevents any 
video from entering the +150-volt. 
supply. 

The positive bypass or MTI video 
signal is coupled from the plates of 
V7 through capacitor C16, contacts 
1 and 6 of relay K2, to the grid of 
jam strobe mixer V8A. The input 
to V8A is developed across resistor 
R48. The grids of V8A and V8B 
are clamped at —4.7 volts by the 
voltage divider consisting of resis- 
tor R50 in series with regulator 
diode CR8. The negative spikes to 
the input of V8A are clipped by 
diode CR6. The output of V8A and 
V8B is applied to Q VIDEO OUT 
connector J4. 

Jam strobe video is applied through 
connector J5 to JS GAIN variable 
resistor R53. Variable resistor R53 
is in parallel with resistor R49 and 
the pair are in series with R54. This 
resistance network terminates the 
input impedance of the coaxial cable 
connected to J5. Jam strobe video 
is applied from the brush arm of 
R58 to contact 3 of AJD ON relay 
Ki. The input to V8A is either by- 
pass and MTI video output from 
V7 or jam strobe video, depending 
on the condition of JS ONLY relay 
K2. When AJD ON relay KI is 
energized, jam strobe video is ap- 
plied from contact 5 of K1 through 
coupling capacitor C18 and to the 
grid of jam strobe mixer V8B. The 
video output from V8A and V8B 
are applied through connector J4. 
Clamping diodes CR6 and CR7 clip 
the negative spikes from the video 
when the input voltage exceeds 
—4.7 volts. 


operation—MTI-MODE 


switch S18 in 360° position, 
(a) In the 360° mode of operation, MTI 


sector operation is eliminated and 
only normal PPI coverage of bypass 
video and moving-target video is 
presented. The suppressor grid of 
preknock selector V2 is grounded 


(3) Circuit 


ce 


through connector Pl-1 and MTI- 
MODE switch $18. The output 
from the sector angle resolver has 
no effect on V2 because the output 
of VIB is grounded by the same 
path as the suppressor grid of V2. 
Since V2 is now connected as a pen- 
tode, all preknock pulses pass 
through V3A. 


(b) The remainder of the circuitry 


operates in an identical manner as 
described in (1) above, with the fol- 
lowing exceptions: The range of the 
radial sweep is adjusted by means 
360° RG variable resistor R26. The 
electron current flows from ground 
through resistors R27 and R26, 
through MTI - MODE switch S18 
and MTI CKT TEST switch S1 in 
the external MTI oscilloscope to the 
cathode of V3B. Assume that vari- 
able resistor R26 is adjusted to in- 
crease the recovery time of the plate 
of V4, As the brush arm of R26 is 
advanced toward +250 volts, the 
charge level of capacitor C7 is ex- 
tended, the plate of V4 reaches the 
charge level after a longer period. 
Therefore, the MTI time is reduced 
and the duration of the bypass time 
is extended. 


(ec) The opposite condition exists when 


the brush arm of R26 is advanced 
toward ground. The charge level of 
C7 is reduced, the plate of V4 
reaches the charge level after a 
shorter period, Therefore the MTI 
time is increased and the duration 
of the bypass time is reduced. The 
setting of R26 determines the dura- 
tion of the gate from V4 and con- 
sequently the division of PPI pres- 
entation between moving-target 
video and bypass video. 
operation—MTI - MODE 
switch S18 in OFF position. 


(a) During the OFF position of MTI- 


MODE switch $18, moving-target 
video is eliminated and a normal 
6,400-mil sweep of bypass video is 
presented. As during 360° opera- 
tion, described in (2) above, the 


sector angle resolver has no effect 
since the suppressor grid of V2 is 
grounded through connector P1-1 
and switch $18. In the OFF posi- 
tion of S18, the cathode of V3B is 
also grounded through MTI CKT 
TEST switch $1 in the MTI oscillo- 
seope, thus disabling the charging 
capabilities of capacitor C7. Since 
range control is disconnected, V3B 
conducts at all times and the con- 
stant voltage drop across resistor 
R16 causes the plate voltage of V4 
to be very low and renders the plate 
ineffective. Phantastron V4 is thus 
converted to an amplifier (using the 
screen grid as a plate) instead of a 
phantastron. 

The preknock input of V2 is similar 
to that used in the SECTOR and 
360° modes of operation. However, 
after the negative preknock input to 
V4 has expired, the control grid re- 
turns to a positive potential deter- 
mined by the voltage dropped across 
resistor R17, and screen grid cur- 
rent through V4 is resumed between 
preknock pulses. The leading and 
trailing edges of the positive pulses 
are applied at the grid of V5A. The 
positive pulse drives V5A into con- 
duction and the negative going plate 
of V5A causes V5B to cut off. The 
negative gate at the plate of V5A 
drives V6A into cutoff and the posi- 
tive gate at the plate of V5B, when 
coincident with the MTI video pulse, 
drives V6B into conduction. How- 
ever, this interval is short-lived be- 
cause the negative pulse almost im- 
mediately cuts V5A off and V5B on. 
This action in turn cuts V6A on 
and V6B off. This conduction re- 
mains until the next preknock pulse 
is applied, at which time the cycle 
is repeated. Thus, bypass video is 
passed for practically the entire 
period between preknock pulses. 


18 {U). Video and Mark Mixer 9142873 


a. General. The video and mark mixer per- 
forms gating and mixing operations on six pres- 
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entation mark signals. The unit combines the 
sum of the six marks with acquisition video 
signals to obtain a composite acquisition video 
output suitable for application to the acquisi- 
tion radar indicators. 

b. Detailed Theory. 


(1) 


(2) 


The video and mark mixer (fig. 42, 
TM 9-1480-257-20) supplies the acqui- 
sition video signals; the marks which 
indicate the azimuth of the target 
tracking antenna (radial segment of 
the electronic cross); the range set- 
ting of the target tracking radar sys- 
tem (are segment of the electronic 
cross); a designated azimuth (ac- 
quisition azimuth line) ; and a desig- 
nated range (range circle) to the ac- 
quisition PPI and precision indica~ 
tors. 

Coincidence V1 combines mark and 
gate signals to produce the are seg- 
ment of the electronic cross (fig. 10). 
These signals originate in the exter- 
nal mark generator (track) and the 
yange mark generator amplifier and 
are indicated by the horizontal line 
on the track precision indicator and 
by the are of the electronic cross on 
the PPI indicators. The suppressor 
grid of V1 (fig. 42, TM 9-1430-257- 
20) is biased at —5 volts developed 
across resistor R& of the voltage di- 
vider consisting of resistors R4, R5, 
and R8 between ground and —250 
volts. The contro] grid of V1 is biased 
at —11 volts developed across R8 and 
R5 of the same divider. The acquisi- 
tion-track range mark, which occurs 
several times during the period of the 
track azimuth gate, is applied through 
ACQ TRK RG MK connector J1 
to terminal 8 of ACQ TR. RG. MK, 
variable resistor R1. The low value of 
the resistance of R1 combined with 
that of resistor R15 terminates the 
input impedance of the cable connect- 
ed at J1. Resistor R1 sets the ampli- 
tude of the acquisition-track range 
mark. The selected voltage from R1 
is coupled through capacitor C2 and 
developed across resistor R3, then ap- 
plied to the control grid of Vi. 
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(3) A track azimuth gate (fig. 11) that 


has a pulse of 711 mils duration rid- 
ing on a pedestal referenced to a —70- 
volt level is applied through connec- 
tor Pl-1 to terminal 1 of WIDTH 
variable resistor R2. The brush arm 
of R2 is set to a level that allows V1 
to conduct for approximately 178 mils 
(10°) of rotation of the acquisition 
antenna. The acquisition-track range 
marks occur at the rate of one for 
each PPI sweep generated which is 
500 eps. These marks are applied to 
the control grid of V1 and would trace 
a complete circle on the PPI were this 


ce 


tube always in a conducting stage. 
However, the bias on the suppressor 
grid keeps V1 cut off until the track 
azimuth gate is applied. Then the ac- 
quisition-track range marks appear at { 
the plate of V1 as inverted 0.5-micro- 
second pulses which later form the are 
of the electronic cross. Resistor R7 is 
the plate load, resistor R6 is a para- 
sitic suppressor, and capacitor C3A is 
a screen grid bypass. The negative-go- 
ing acquisition-track range marks are 
coupled through capacitor C4 to stage 
isolation crystal diode CR1. The nega- 
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(5) 


produce the radial segment of the 
electronic cross (fig. 12.1). These sig- 
nals originate in the external mark 
generator (track) and the range 
mark generator amplifier and are in- 
dicated by the radial segment of the 
electronic cross on the PPI and B 
scope indication. The suppressor grid 
of V2 is biased at —13 volts devel- 
oped across resistors R14 and R19 of 
the voltage divider consisting of re- 
sistors R12, R14, and R19 between 
ground and —250 volts, The control 
grid of V2 is biased at —10 volts de- 
veloped across R19 of the same di- 
vider, 


A track azimuth mark, representing 
the target tracking antenna azimuth, 
is applied through TCK AZ MK con- 
nector J2 and coupling capacitor C5 
to the suppressor grid of V2. Resistor 
R10 terminates the impedance of the 
connecting cable, Resistor R13 is the 
suppressor grid return. The track 
range gate is applied through TCK 
RG GATE connector J3 and coupled 
through contacts 1-6 of target rang- 
ing radar cross off relay K2 and ca- 
pacitor C6 to the control grid of V2. 
When target ranging radar cross off 
relay K2 is operated, the track range 
gate is removed from the control grid 
of V2, and no track marks appear on 
the display. Resistor R11 terminates 
the impedance of the connecting ca- 
ble and resistor R16 is the control 
grid return. Conduction in V2 will oc- 
cur when the track azimuth mark and 
the track range gate are applied to 
V2 simultaneously. Coincidence am- 
plifier V2 conducts during the time 
the track range gate is applied. The 
30-microsecond track range gate rep- 
resents 5000 yards and the output 
from V2 is a negative 5000-yard gate 
that forms the radial line of the elec- 
tronic cross. This gate is developed 
across plate resistor R18. Resistor 
R17 is a parasitic suppressor and ca- 
pacitor C3 bypasses the screen grid, 
The negative-going gate is coupled 
through capacitor C9 to stage isola- 


(6) 


(7) 
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tion crystal diode CR2. The negative- 
going voltage, developed across re- 
sistor R22, is applied through the 
low forward resistance of CR2 and 
through resistor R24 to the control 
grid of clipper V3. Since CR1 and 
CR2 are connected plate-to-plate, the 
always present high back-resistance 
serves to prevent interaction between 
V1 and V2. 


The 0.5-microsecond acquisition-track 
range marks and the 5000-yard track 
range gate outputs of V1 and V2, re- 
spectively, are mixed in resistor R24, 
developed across resistors R25 and 
R26, and applied to the control grid 
of clipper 3. Clipper V3 is biased by 
a control grid voltage of —2 volts de- 
veloped across R26 in the voltage 
divider consisting of R23 and R26 be- 
tween —250 volts and ground. The 
input to V3 is either the series of 0.5- 
microsecond acquisition-track range 
marks or the 5000-yard track range 
gate, or both. When both arrive si- 
multaneously, which occurs only once 
per revolution of the acquisition an- 
tenna at the intersection of arc seg- 
ment (fig. 12.1) and the radial seg- 
ment of the electronic cross, the 5000- 
yard gate serves as a pedestal for 
the 0.5-microsecond acquisition-track 
range mark and the input to V3 ac- 
tually is the acquisition track range 
mark on a pedestal. However, because 
of the clipping action of V3, the 0.5- 
microsecond pulse sitting on the gate 
is clipped off. The output developed 
across load resistor R27 is then either 
the 0.5-microsecond pulse (fig. 12) or 
the 5000-yard gate, but never both. 
The clipping action of V3 is necessary 
to limit the amplitude of the acquisi- 
tion-track range marks and thus pre- 
vent a blooming spot from appearing 
at the intersection of the two lines of 
the electronic cross. Resistor R2l 
(fig. 92), TM 9-1480-257-20/1) is a 
parasitic suppressor and capacitor C8 
is a sereen grid bypass. 


The positive-going output signal from 
V3 is coupled through capacitor C1, 
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developed across resistor R29, and ap- 
plied to erystal diode clipper CR3. 
The negative portion of the signal 
from V3 is shunted through the low 
forward resistance of CR3 to ground 
while the positive portion is retained. 
This portion is applied through diode 
CR4 and capacitor C13 to the control 
grid of marker amplifier V4, 

A 0,3-microsecond acquisition range 
mark is applied through ACQ RG 
MK connector J4 to terminal 3 of 
ACQ RG MK variable resistor R41. 
Also, a 1,524-microsecond acquisition 
azimuth mark is applied through 
ACQ AZ MK connector J5 to the 
junction of resistor R42 and crystal 
diode CR6. Resistors R42 and R49 
terminate the input impedance of 
the respective connecting cables. The 
cathode-to-cathode connection of di- 
odes CR4, CR5, and CR6 prevents 
loading and interaction among the in- 
puts, Variable resistor R41 sets the 
amplitude of the acquisition range 
mark pulses. The acquisition range 
mark occurs at the rate of one per 
PPI sweep and therefore the com- 
bined sweeps occurring during one 
antenna revolution draw a complete 
circle on the PPI according to the 
range setting in the acquisition sys- 
tem (fig. 12.1). This also produces 
the horizontal line on the precision 
indicator and B scope indicators dur- 
ing alinement. The aequisition azi- 
muth mark occurs once per revolution 
of the acquisition antenna, and there- 
fore brightens a single PPI trace. 
This produces a radial acquisition azi- 
muth line on the PPI. During aline- 
ment, it also produces the vertical ac- 
quisition azimuth line on the precision 
indicator and B scope indicator. 

All six mark signals are developed 
across resistor R30 and coupled 
through C13 to the control grid of 
V4, The control grid of V4 is biased 
by —6 volts developed across resistor 
R32 of the voltage divider consisting 
of R22 and R51 between ground and 
—250 volts. The grid signal developed 
across resistor R28 is inverted and 
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amplified in V4. Resistor R33 is a par- 
asitic suppressor and capacitor C10 
is a screen grid bypass. 

The amplified negative-going signal 
is coupled from the plate of V4 
through capacitor C14 to the control 
grid of clipper V6. The control grid 
of V6 is biased by —1.8 volts devel- 
oped across resistor R38 in the volt- 
age divider consisting of R38 and 
R57 between ground and —250 volts. 
This bias is near the cutoff region for 
V6 and sets the clipping level for 
negative-going signals on the grid. 
The amplitude of range mark signals 
to be clipped is adjusted by means of 
ACQ TCK RG MK variable resistor 
Ri and ACQ RG MK variable resistor 
R41. The negative-going signal is de- 
veloped across resistor R36, inverted 
and amplified in V6, and adjusted by 
means of MK AM variable resistor 
R50, This adjustment is used to ob- 
tain a signal level for proper mixing 
with the video input. Resistor R39 is 
a parasitic suppressor, resistor R40 
isolates the plate from the screen 
grid, and capacitor C12 is a screen 
grid bypass. 

The positive-going signal is applied 
from the brush arm of R50, through 
resistor R52, capacitor C20, and re- 
sistor R57 to the control grids of 
cathode followers V7A and V7B. 


Acquisition video from the LOPAR 
is applied through LOW PAR VID IN 
connector J9 and coupled through 
contacts 4-5 of HIPAR relay K1 to 
the control grid (pin 2) of amplifier- 
mixer V8. A bias of —5 volts for the 
grid is developed across resistor R85 
of the voltage divider made up of re- 
sistors R85 and R86 between ground 
and —250 volts. Resistor R84 is the 
grid return. Video signals more neg- 
ative than —5 volts are clipped by di- 
ode CR10, which shunts them to 
ground through R85. 

Acquisition video from the HIPAR 
is applied through HIPAR VID IN 
connector J6, developed across termi- 
nating resistor R81, and applied to 
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terminal 3 of HIPAR VID ADJ vari- 
able resistor R72, The signal at the 
brush arm of R72 is coupled through 
capacitor C26 and contacts 8-5 of en- 
ergized HIPAR relay K1 to the grid 
(pin 2) of V8. Relay K1 is energized 
by operating the RADAR SELECT 
switch on the IFF control-indicator 
to HIPAR. The action of K1 substi- 
tutes HIPAR video for LOPAR video 
in the presentation system. The am- 
plitude of the HIPAR video is ad- 
justed by R72. 

IFF video is applied through IFF 
VID connector J10, developed across 
terminating resistor R82, coupled 
through capacitor C25, and applied to 
the grid (pin 7) of amplifier-mixer 
V8. Bias of —5 volts for the grid is 
developed across resistor R85 of the 
voltage divider made up of resistors 
R85 and R86 between ground and 
—250 volts. Video signals more neg- 
ative than —5 volts are clipped by 
diode CR11 which shunts them to 
ground through R85. Resistor R83 is 
the grid return. 

Composite video, made up of either 
HIPAR or LOPAR acquisition video 
and IFF video, is developed across. 
common plate resistor R48, coupled 
through capacitor C15, and applied 
to the control grids of video amplifiers 
V5 and V9, Any positive-going por- 
tion of the signal across common grid 
return resistor R45 igs shunted to 
ground by clipper diode CR7. 

A portion of the negative composite 
video at the grids of V5 and V9 is ap- 
plied to ALARM connector J11 and 
used to drive the external alarm con- 
trol. 

The negative composite video at the 
control grid of V9 is amplified and 
inverted, developed across plate re- 
sistor R79, and coupled through resis- 
tor R77 to the NOR (normal) contact 
of PI MKS switch $1. The cathode 
and suppressor grid of V9 are biased 
to approximately 1.8 volts by the volt- 
age divider made up of resistor R75 
and cathode resistor R78. Resistor 
R76 is a parasitic suppressor resistor 


(18) 


(19) 


(20) 


(21) 


TM 9—1430—250-35 


and capacitor C23 is a screen bypass. 
The negative composite video at the 
control grid of video amplifier V5 is 
amplified and inverted in the same 
manner as in V9 and coupled through 
resistor R53 to the junction of re- 
sistor R52 and capacitor C20. At this 
point, the composite video is mixed 
with the acquisition and track mark- 
ers. 

A portion of the composite video and 
marks at the junction of R52 and R53 
is applied to the TEST contact of PI 
MKS switch S1. This switch selects 
either the composite video without 
marks (normal) or the composite 
video with marks (test) for presen- 
tation on the precision indicator and 
B scope indicator. 

Positive video from the output of PI 
MKS switch S1 is coupled through 
capacitor C24 and resistors R67 and 
R68 to the control grids of parallel 
cathode followers VI0A and V10B. A 
bias of —6 volts for the grids is de- 
veloped across R66 of the voltage di- 
vider made up of resistors R65 and 
R66 between —250 volts and ground. 
Any video more negative than —6 
volts is shunted to ground through 
clipper diode CR8 and resistor R66. 
This establishes a reference level for 
the output developed across common 
cathode resistor R69. Resistor R70 
and capacitor C22 form a decoupling 
network for the plates of V1OA and 
V10B. The parallel cathode followers 
provide sufficient power to drive the 
low impedance inputs of the precision 
and B scope indicators connected to 
ACQ VID connector J8. ACQ VID 
& TEST test point TP2 is used for 
monitoring the video during test pro- 
cedures. 

Composite video from V5 and acquisi- 
tion and track marks from V6 are 
coupled through capacitor C20 to the 
grid circuits of parallel cathode fol- 
lowers V7A and V7B, The signals are 
amplified in the same manner as 
in V10 and coupled through ACQ 
VID MKS connector J7 to the PPI. 
ACQ VID TEST & MKS test point 
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TP1 is used for monitoring the video 
during test procedures, 


18.2 (U). Video and Mark Mixer 9985613 


a. General. The video and mark mixer per- 
forms gating and mixing operations on six 
presentation mark signals and mixes IFF video 
and target video from either the NAR (Nike 
acquisition radar) or AAR (auxiliary acquisi- 
tion radar). The unit combines the sum of 
six marks with the NAR or AAR video sig- 
nalg and the IFF video signals to obtain a 
composite video output suitable for applica- 
tion to the acquisition indicators. NAR video 
is also available for monitoring purposes. AAR 
or NAR video is selected by meang of relay 
switching. 

b. Detailed Theory. 

(1) The video and mark mixer (fig. 42.1, 
TM 9$-1430-257-20) supplies the 
IFF video and the NAR or AAR 
video signals; the marks which indi- 
cate the azimuth of the target track- 
ing antenna (radial segment of the 
electronic cross); the range setting of 
the target tracking radar system (are 
segment of the electronic cross); a 
designated azimuth (acquisition azi- 
muth line); and a designated range 
(range circle) to the acquisition PPI 
and precision indicators. 

(2) Coincidence V1 combines mark and 
gate signals to produce the arc seg- 
ment of the electronic cross (fig. 10). 
These signals originate in the external 
mark generator (track) and the range 
mark generator amplifier and are in- 
dicated by the horizontal line on the 
track precision indicator and by the 
are of the electronic cross on the 
PPI indicators. The suppressor grid 
of V1 (fig. 42.1, TM 9-1430-257-20) 
is biased at —5 volts developed across 
resistor R8& of the voltage divider 
consisting of resistors R4, R5, and 
R8 between ground and —250 volts. 
The control grid of V1 is biased at 
-11 volts developed across R8 and R5 
of the same divider. The acquisition- 
track range mark, which occurs sever- 
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al times during the period of the 
track azimuth gate, is applied through 
ACQ TRK RG MK connector J1 to 
terminal 8 of ACQ TR. RG. MK. 
variable resistor Rl, The low value 
of the resistance of Rl combined with 
that of resistor R15 terminates the 
impedance of the cable connected at 
Ji. Resistor Ri sets the amplitude 
of the acquisition-track range mark, 
The selected voltage from R1 is 
coupled through capacitor C2 and de- 
veloped across resistor R3, then ap- 
plied to the control grid of V1. 


A track azimuth gate (fig. 11) that 
has a pulse of 711 mils duration 
riding on a pedestal referenced to a 
~10-volt level is applied through con- 
nector P1-1 to terminal 1 of WIDTH 
variable resistor R2, The brush arm 
of R2 is set to a level that allows 
V1 to conduct for approximately 178 
mils (10°) of rotation of the ac- 
quisition antenna, The acquisition- 
track range marks occur at the rate 
of each for each PPI sweep generated, 
which is 400 cps when AAR is select- 
ed or 500 cps when NAR is selected. 
These marks are applied to the con- 
trol grid of V1 and would trace a 
complete circle on the PPI were this 
tube always in a conducting stage. 
However, the bias on the suppressor 
grid keeps V1 cut off until the track 
azimuth gate is applied. Then the 
acquisition-track range marks appear 
at the plate of V1 as inverted 0.5- 
microsecond pulses which later form 
the are of the electronic cross. Re- 
sistor R7 is the plate load, resistor 
R6 is a parasitic suppressor, and ca- 
pacitor C22 is a sereen grid bypass. 
The negative-going acquisition-track 
range marks are coupled through ca- 
pacitor C4 to stage isolation crystal 
diode CR1. The negative-going sig- 
nal, developed across resistor R9, is 
applied through the low forward 
resistance of CR1 and through re- 
sistor R24 to the grid of clipper V3. 
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In a manner similar to the operation 
of stage V1, coincidence V2 com- 
bines mark and gate signals to pro- 
duce the radial segment of the elec- 
tronic cross (fig. 10), These signals 
originate in the external mark gener- 
ator (track) and the range mark gen- 
erator amplifier and are indicated by 
the vertial line on the track pre- 
cision indicator and by the radial 
segment of the electronic cross on 
the PPIs, The suppressor grid of V2 
is biased at -18 volts developed across 
resistors R14 and R19 of the voltage 
divider consisting of resistors R12, 
Rid, and R19 between ground and 
-250 volts. The control grid of V2 
is biased at -10 volts developed across 
R19 of the same divider. 

A track azimuth mark, representing 
the target tracking antenna azimuth, 
is applied through TRK. AZ. MK. 
connector J2 and coupling capacitor 
C5 to the suppressor grid of V2. 
Resistor R1¢ terminates the impedance 
of the connecting cable. Resistor R13 
is the suppressor grid return, The 
track range gate is applied through 
TRK. RG. GATE connector J3 and 
coupled through capacitor Cé to the 
control grid of V2. Resistor R11 
terminates the impedance of the con- 
necting cable and resistor R16 is the 
control grid return, Conduction in 
V2 will occur when the track azi- 
muth mark and the track range gate 
are applied to V2 simultaneously. 
Coincidence V2 conducts during the 
time the track range gate is applied. 
The 30-microsecond track range gate 
represents 5000 yards and the output 
from V2 is a negative 5000-yard gate 
that forms the radial line of the 
electronic cross. This gate is devel- 
oped across plate resistor R18. Re 
sistor R17 drops the screen voltage 
and capacitor C23 bypasses the screen 
grid. The negative-going gate is 
coupled through capacitor C9 to 
stage isolation crystal diode CR2. The 
negative-going voltage, developed 
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across resistor R22, is applied through 
the low forward resistance of CR2 
and through resistor R24 to the con- 
trol grid of clipper V8. Since CR1 
and CR2 are connected plate-to-plate, 
the always present high back-resist- 
ance serves to prevent interaction be- 
tween V1 and V2. 

Amplifier V8A amplifies the IFF 
video signals to be combined with 
the mark signals discussed in (2) 
through (5) above. IFF video is ap- 
plied through IFF VIDEO INPUT 
connector J8 to terminal 3 of IFF 
VIDEO variable resistor R63. The 
low value of resistance of R63 com- 
bined with that of resistor R64 
terminates the impedance of the 
cable connected at J8. Resistor R63 
sets the amplitude of the IFF video 
which is coupled directly to the con- 
trol grid of V8A. Negative feedback 
is obtained through unbypassed cath- 
ode resistor R68, Resistor R67 is the 
plate load. The amplified IFF video 
from the plate of V8A is coupled 
through capacitor C28 to isolation 
crystal diode CR10 and to CR14 and 
resistor R69. Crystal diode CRI4 
shunts the positive portion of the 
IFF video to ground and retains the 
negative portion. The IFF video sig- 
nal is coupled through isolating erys- 
tal diode CR10 and through resistor 
R24 to the grid of clipper V3. 
Diode CR10 isolates V8A from V1 
and V2 to prevent interaction, 

The 0.5-microsecond acquisition-track 
range marks and the 5000-yard track 
range gate outputs of VI and V2, 
respectively, and the IFF video out- 
put of V8A are mixed in resistor 
R24; developed across resistors R25 
and R26; and applied to the control 
grid of clipper V8. Clipper V3 is 
biased by a control grid voltage of 
-2 volts developed across R26 in the 
voltage divider consisting of R23 and 
R26 between ground and —250 volts. 
The input of V3 is IFF video and 
either the series of 0.5-microsecond 
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acquisition-track range marks or the 
5000-yard track range gate, or both. 
When both arriye simultaneously, 
which occurs only once per revolu- 
tion of the acquisition antenna at the 
intersection of are segment (fig. 10) 
and the radial segment of the elec- 
tronic cross, the 5000-yard gate serves 
as a pedestal for the 0.5-microsecond 
acquisition-track range mark and the 
input to V8 actually is the acquisition 
track range mark on a_ pedestal. 
However, because of the clipping ac- 
tion of V3, the 0.5-microsecond pulse 
sitting on the gate is clipped off. 
The output developed across load 
resistor R27 is then either the 0.5- 
microsecond pulse or the 5000-yard 
gate, but never both. The clipping 
action of V3 is necessary to limit 
the amplitude of the acquisition-track 
range marks and the IFF video and 
thus prevent a blooming spot from 
appearing at the intersection of the 
two lines of the electronic cross. Re- 
sistor R21 (fig. 42.1, TM 9-1430- 
257-20) is a parasitic suppressor and 
capacitor C24 is a screen grid bypass. 
Inductor L5 isolates the plate from 
the screen grid. 

The position-going output signal from 
V3 is coupled through capacitor C11, 
developed across resistor R29, and 
applied to crystal diode clipper CR8. 
The negative portion of the signal 
from V3 is shunted through the low 
forward resistance of CR3 to ground 
while the positive portion is retained. 
This portion is applied through 
diode CR4 and capacitor C13 to the 
control grid of amplifier V4. 

A 0.5-microsecond acquisition range 
mark is applied through ACQ. RG. 
MK. connector J4 to terminal 3 of 
ACQ. RG. MK. variable resistor 
R41, Also, a 1600-microsecond ac- 
quisition azimuth mark is applied 
through ACQ. AZ. MK. connector 
J5 to the junction of resistor R42 
and crystal diode CR6. Resistors R42 
and R49 terminate the input imped- 
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ance of the respective connecting 
eables. The cathode-to-cathode con- 
nection of diodes CR4, CR5, and 
OR6 prevents loading and interaction 
among the inputs, Variable resistor 
R41 sets the amplitude of the ac- 
quisition range mark pulses. The 
acquisition range mark occurs at the 
vate of one per PPI sweep and, 
therefore, the combined sweeps oc- 
curring during one antenna revolu- 
tion draw a complete circle on the 
PPI according to the range setting 
in the acquisition system (fig. 10). 
This also produces the horizontal 
line on the acquisition precision in- 
dicator. The acquisition azimuth mark 
oceurs once per revolution of the 
acquisition antenna and, therefore, 
brightens a single PPI trace. This 
produces a vertical acquisition azi- 
muth line on the acquisition precision 
indicator and a radial acquisition 
azimuth line on the PPIs. 


All six mark signals and IFF video 
are developed across resistor R80 
and coupled through C18 to the 
control grid of V4. The control 
grid of V4 is biased by -6 volts de- 
veloped across resistor R32 of the 
voltage divider consisting of R31 and 
R82 between ground and -250 volts. 
The grid signal developed across re- 
sistor R28 is inverted and amplified 
in V4. Resistor R84 is the plate 
load resistor for V4, resistor R33 is 
a parasitic suppressor, and capacitor 
C27 is a screen grid bypass. 


The amplified negative-going signal 
is coupled from the plate of V4 
through capacitor C14 to the control 
grid of clipper V6, The control grid 
of V6 is biased by -18 volts de- 
veloped across resistor R38 in the 
voltage divider consisting of R37 and 
R88 between ground and -250 volts. 
This bias is near the cutoff region 
for V6 and sets the clipping level 
for negative-going signals on the 
grid. The amplitude of range mark 


(12) 


(13) 


(14) 


piased at -8 volts which is developed 
signals to be clipped is adjusted by 
means of ACQ. TRK. RG. MK. 
variable resistor Rl and ACQ. RG. 
MK. variable resistor R41. The neg- 
ative-going signal is developed across 
resistor R36, inverted and amplified 
in V6, and adjusted by means of 
MK. AMP. variable resistor R50. 
MARK AMP variable resistor R50 
in series with cathode resistor R51 is 
the cathode resistance for V6. This 
adjustment is used to obtain a signal 
level for proper mixing with the 
video input. Resistor R89 is a para- 
sitic suppressor, resistor R40 is the 
plate load, and inductor L2 isolates 
the plate from the sereen grid, C25 
is a sereen grid bypass. 

The positive-going signal is applied 
from the plate of V6, through re- 
sistor R52, capacitor C33, and resis- 
tors R89 and R90 to the control grids 
of cathode follower V11. 

The NAR video output of the exter- 
nal switching and mixer unit is ap- 
plied through NAR VIDEO INPUT 
connector J6é and coupled through 
capacitor C15 to the control grid of 
clipper amplifier V5. Resistor R43 
is the parasitic suppressor in the 
plate supply of the output stage in 
the external switching and mixer 
unit (par. 17). The video signal is 
developed across grid return resistor 
R45, and the positive portions of the 
signal are clipped by crystal diode 
CR7. This clipping laction and the 
+ 1.78-volt bias on the cathode limit 
the amplitude of the video. While 
signals just over noise can be seen 
on the PPI, strong signals are elimi- 
nated and therefore cannot cause 
blooming. The video is inverted to 
the positive phase in V5 and devel- 
oped across resistor R48. Resistor 
R47 is a parasitic suppressor and 
capacitor C26 is a screen grid bypass. 
Inductor Li and resistor R48 isolate 
the plate from the screen grid. 

When NAR is selected, the positive 
NAR video from V5 and the positive 
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mark signals and IFF video from V6 
are mixed in the circuit consisting of 
resistor R52 and R53 when relay K1 is 
deenergized, then coupled through ca- 
pacitor C38 to the control grids of 
mixer-cathode follower V11. V11 is 
biased at -6 volts developed across 
resistor R88 in the voltage divider 
consisting of R87 and R88 between 
ground and -250 volts. The composite 
signal is developed across grid return 
resistors R86 and R88. Negative 
portions of the signal below the 
-6-volt level are clipped by crystal 


diode CR8, Resistors R89, R90, 
and R91 are parasitic suppres- 
sors, and C84 is plate bypass. Both 


stators of cathode follower V11 are 
paralleled to obtain the power neces- 
sary to drive the external load. Cath- 
ode follower V11 isolates the mixing 
circuits from the load, and since the 
cathodes follow the grids, the posi- 
tive output developed across common 
cathode resistor R92 is applied 
through ACQ/AAR VIDEO connec- 
tor J7 to the external indicators. 
ACQ. VIDEO TEST test point TP2 
is used for monitoring the video dur- 
ing test procedures. 

When AAR is selected, relay K1 is 
energized and the positive video from 
V9 and the positive mark signals and 
IFF video from V6 are mixed in re- 
sistors R77 and R52 and then coupled 
through capacitor C33 to mixer-cath- 
ode follower stage V11. The circuit 
action is identical to that in (14) 
above, 

Amplifiers V8B and V9 function to 
amplify and invert the AAR video to 
the correct phase. AAR video is ap- 
plied through AAR VIDEO INPUT 
connector J9 to terminal 8 of AAR 
VIDEO variable resistor R65. Resis- 
tor R65 in series with the resistance 
of R66 terminate the impedance of 
the cable connected at J9, Resistor 
R65 sets the amplitude of the AAR 
video which is coupled from the 
brush arm of R65 through coupling 
capacitor C36 to the control grid of 
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amplifier V8B. The grid of V8B is 
biased at -8 volts which is developed 
across resistor R96. Resistor R96 is 
part of the voltage divider composed 
of resistor R95 and R96 between —250 
volts and ground. Resistors R94 and 
R96 are the grid return to ground. 
Diode CR13 shunts a portion of the 
negative video to ground. Some in- 
verse feedback is provided across 
unbypassed cathode resistor R71. 
Resistor R70 is the plate load. Resis- 
tor R98 is a parasitic’suppressor and 
capacitor C38 is a plate bypass capaci- 
tor, The output video from the plate 
of V8B is coupled through coupling 
capacitor C29 to the grid of ampli- 
fier V9. Resistor R72 is the grid 
réturn for V9. Diode CR11 clips the 
positive portion of the signal. 
Amplifier V9 amplifies and inverts 
the negative video input to obtain the 
proper level and phase for mixing in 
mixer-cathode follower stage V11. 
V9 is biased at -1.7 volts caused by 
the positive voltage on the cathode of 
V9 developed across cathode resistor 
R76 which is part of the voltage di- 
vider composed of R78 and R76 
between +150 volts and ground. 
Resistor R75 is the plate load. Resis- 
tor R74 is a parasitic suppressor and 
capacitor C80 is a screen grid bypass. 
Inductor L8 and resistor R75 isolate 
the plate from the screen grid. The 
suppressor grid is clamped at +1.7 
volts by the voltage developed across 
R76. The output from the plate is 
mixed with the mark signals and IFF 
video as described in (15} above, 
when relay K1 is energized. 

AAR relay K1 selects either AAR 
video or NAR video to be mixed with 
the mark and IFF video signals. 
When K1 is deenergized, NAR video 
is selected and, when K1 is energized, 
AAR video is selected. When K1 is 
deenergized, the output of amplifier 
V9 is developed across resistor R93 
which serves as a dummy load for V9. 
Resistor R78, capacitor C35, and in- 
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ductor L4 form a decoupling network 
to keep video signals out of the + 150- 
volt plate supply, When K1 is ener- 
gized, the output of V9A is coupled 
through contacts 6 and 2 of relay K1 
to the input of V11 and resistor R93 
matches the plate of V5 to the input 
of V7, 

Cathode follower V7 is identical in 
operation to cathode follower Vil. 
The input of V7 is NAR video only 
when KI is energized. When K1 is 
deenergized, the input to V7 is in 
parallel with the input of Vill 
through contacts 4 and 5 of relay K1. 
The output at NAR VIDEO connector 
J11 will be either NAR video without 
marks and IFF video or NAR video 
with marks and IFF video. The out- 
put at J11 is used in a remote console 
for monitoring purposes. 


19 (U). M1I Oscillocope 9137928 


a. General. The MTI oscilloscope is a per- 
manent unit built into the acquisition radar sys- 
tem. It is used specifically for monitoring 
purposes during MTI adjustment procedures. ‘ 
While the oscilloscope has the usual gain, 
focus, intensity, and positioning controls con- 
tained internally, the monitoring functions are 
dependent upon adjustment of controls located 
on the various chassis of the MTI system. The 
oscilloscope uses an 11-position switch to 
change the internal operation of itself and the 
MTI system to meet conditions of the particu- 
lar MTI adjustment procedure, 

b. Detailed Theory. 

(1) A positive preknock pulse is applied 
through connector Ji and coupling 
capacitor C1 to the control grid of 
sweep gate multivibrator VIA (fig. 
39, TM 9-1430-257-20). This triode 
in conjunction with sweep gate multi- 
vibrator V1B forms a one-shot multi- 
vibrator which produces a gate 
between preknock pulses. Maultivi- 
brator ViA is biased by +1.5 volts at 
the control grid developed across re- 
sistor R2 of the voltage divider con- 
sisting of resistors R1 and R2 between 
+150 volts and ground. Normally 
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VIA is cut off by the positive voltage 
on the cathode developed by the heavy 
eonduction current of VIB through 
cathode resistor R4, The positive pre- 
knock pulse on the grid of VIA 
drives VIA into conduction and the 
consequent drop across plate load re- 
sistor R83 is coupled through paral- 
leled capacitors C2 and C3 to the 
control grid of ViB, These capaci- 
tors are paralleled through switch 
S1A. Switch S1A is part of MTI 
CKT TEST switch S1. All the func- 
tions of switch $1 are covered in de- 
tail in ¢ below. 


Sweep gate multivibrator V1B is nor- 
mally conducting, due to a small posi- 
tive voltage produced across resistor 
R7 by grid current of V1B. The nega- 
tive preknock pulse from VIA drives 
V1B to cutoff which in turn cuts off 
V1B current through R4. This pro- 
longs conduction in VIA, producing 
a gating period determined by the 
multivibrator constants of capacitors 
C2 and C3 and resistors R3 and R7. 
The resulting positive gate is applied 
from the junction of plate resistors 
R5 and R6 through capacitor C10 to 
the control grid of cathode-ray tube 
V5. This gating voltage establishes. 
the unblanking interval for the V5 
presentation. 


Clamped horizontal sawtooth genera- 
tor V2B is normally conducting due 
to a small positive voltage produced 
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across resistor R8 by V2B grid cur- 
rent. The negative gate from V1A is 
coupled through the grid circuit of 
VIB and capacitor C4 to the control 
grid of V2B. This euts off V2B and 
permits paralleled capacitors C5 and 
C6 to charge through resistor R9 to- 
ward +250 volts. The charging inter- 
val produces the duration of the linear 
sweep for deflection of the electron 
beam in cathode-ray tube V5. This 
charging interval exists during neg- 
ative gate time, and on recovery of 
multivibrators VIA and V1B to pre- 
knock status, V2B resumes conduc- 
tion. Capacitors C5 and C6 rapidly 
discharge through the low plate-resist- 
ance of V2B and thus produce the 
retrace period of V2B and thus pro- 
duce the retrace period of the sweep. 
[t should be noted that capacitor C6 
is in parallel with C5 only when S1B 
is in the 1, 2, 4, 6, 7, 8, and 9 posi- 
tions. In positions 3, 5, 10, and 11, 
C6 is disconnected from the circuit. 
The positive sweep voltage is directly 
applied from the junction of resistor 
R9 and capacitors C5 and C6 to the 
control grid of phase inverter sweep 
amplifier V8A. Increase of plate cur- 
rent through resistor R10 produces 
a linear sweep voltage which is ap- 
plied to horizontal deflection plate 
10 of cathode-ray tube V5. The cur- 
rent increase through V3A also flows 
through cathode resistor R14, produc- 
ing a voltage rise which appears 
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with the input for attenuating 
high amplitude signal levels and 
thus eliminates the necessity 
for constantly readjusting the 
oscilloscope gain control, Ca- 
pacitor C12 is adjusted to pass 
the high-frequency components 
of the input signal and thus re- 
tain the sharp leading edges of 
the original square-wave input, 
MTI test video, taken off the 
MTI video line, is applied 
through connector J3 to switch 
SLE, Similar to acquisition 
video, the test video is also 
coupled through a parallel cir- 
cuit where test video bandpass 
variable capacitor Cll is ad- 
justed for optimum ac signal 
and where resistor R40 atten- 
uates the excessively high am- 
plitudes of the input signal. 
When low levels of test pulse 
residue voltages are to be 
measured, attenuation circuit 
Ci1 and R40 is bypassed and 
the weak signal is applied di- 
rectly to the input circuit of 
clamped vertical sawtooth gen- 
erator V2A, 

Interference suppressor test 
video from the trigger pulse 
amplifier is applied through 
connector J4 to switch SIE, 
From S1E the video is applied 
direct to the input circuit of 
clamped vertical sawtooth gen- 
erator V2A, 

Acquisition video, interference 
suppressor test video, or MTI 
test video can be selected by 
switch SIE and then coupled 
through capacitor C7 to the 
control grid of V2A, The sig- 
nal is developed across re- 
sistor R20, inverted in V2A, 
and developed across GAIN var~ 
iable resistor R18, The gain 
developed across R18 is low; 
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however, the voltage level 
picked off by the brush arm 
of R18 is adequate to vertically 
scan the 2-inch screen of V5. 
This voltage is coupled through 
capacitor C8 to the control grid 
of video amplifier V4. In sys- 
tems 1034 through 1059, type 
6AG7 tube V4 has been changed 
to the ruggedized type 6AG7Y 
tube, The negative-going signal 
is developed across resistor 
R24 and inverted in V4. The 
signal is developed across re- 
sistors R21, R22, and R23, then 
directly applied to vertical de- 
flection plate 6 of V5, Inductor 
Li is used for series compen- 
sation of V4, This compensa- 
tion is required to obtain video 
peaking within the bandpass 
limits of the video signal, Three 
identical resistors, R21, R22, 
and R23, are series connected 
to maintain close resistive tol- 
erance and to dissipate heat, 
The video signal is vertically 
positioned by means of VERT 
POS variable resistor R31 
which is a part of a voltage 
divider consisting of resistors 
R30, R31, and R32 connected 
between the +250-volt supply 
and ground, The variable range 
across R31 is from +44 to +206 
volts, thus providing a variable 
de positive potential to vertical 
deflection plate 7, Adjustment 
of R31 positions the vertical 
trace of the electron beam on 
the screen (face) of V5, 

INTENSITY variable resistor 
R28 controls the brightness of 
the screen of cathode~ray tube 
V5 by setting the bias between 
the control grid and the cath- 
ode. The unblanking gate from 
V1B is developed across re- 
sistor R26 and applied to the 
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control grid of V5. This gate 
occurs in synchronization with 
the horizontal deflection volt- 
ages from phase inverter sweep 
amplifiers V3A4 and V3B and 
the video signal from V4, Re- 
sistor R27 is fixed to protect 
the ~-1,000v power supply in 
the event the cathode element 
within V5 is grounded, Electro- 
static focusing is achieved 
through adjustment of FOCUS 
variable resistor R35 which is 
part of a voltage divider con- 
sisting of R33, R34, R35, and 
R36, The accelerating anode of 
V5 is connected directly to+150 
volts, 

(10) CARRIER LEVEL meter M1 is 
located on the MTI oscilloscope 
chassis for purposes of cal- 
ibrating the amplitude of the 
15-megacycle carrier gener- 
ated in the external carrier 
oscillator, This adjustment is 
made at the oscillator chassis 
to give a 4-volt reading on 
meter M1. The 4-volt indica- 
tion is marked by a red line 
on the face of the meter which 
indicates the required ampli- 
tude of the RF carrier, 

¢. Switching Procedures, The switch~ 
ing steps outlined in (1) through (6) be- 
low plus information contained in TM 
9~1430-250-20/1 supply adequate infor- 
mation for understanding and performing 
the MTI adjustments, In outlining the 
function of switch S1, occasional refer- 
ence is made below to several specific 
MTI chassis to supplement the theory 
of switching in the oscilloscope. 

(1) Switch SIA (fig. 39, TM 9- 
1480-257-20) connects capac- 
itor C3 in parallel with ca- 
pacitor C2, thereby extending 
the gating time of sweep gate 
multivibrators V1A and V1B. 
This arrangement is used in 
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(4) 


Cl 


all positions except 3. 5, 10, 
and 11, In these positions, only 
C2 is used to obtain a short 
duration gate which is used with 
rapid sweep to examine short 
duration pulses on the screen 
of the oscilloscope, 

Switch S1B connects capacitor 
Cé in parallel with capacitor 
C5, thereby extending the sweep 
time of the V2A stage. The 
combined capacitance is usedin 
all switch positions except 3, 5, 
10, and 11, In these positions, 
the elimination of C6 produces 
a faster sweep time useful for 
presenting short duration 
pulses, 

Switch S1C connects +48-volts, 
from the voltage divider con- 
sisting of resistors R37 and 
R38 between +150 volts and 
ground, to range phantastron 
diode 2 in the external switch- 
ing and mixer unit, This puts 
the range limit from that diode 
near the middle of the screen 
of the oscilloscope, This func- 
tion is performed in switch 
positions 1 and 9 only, In the 
remaining switch positions, SLC 
gives MTI range control to the 
MTI-—MODE switch in the ex- 
ternal acquisition control~indi- 
eator to allow a choice of SEC- 
TOR, 360°, or OFF in the range 
selection functions, 

Switch SID connects +150 volts 
to the external delay amplifier 
to energize it and thereby allow 
the delay channel to operate, 
This function is used in all 
switch positions except 3, 6, 7, 
and 8, In these positions, the 
delay amplifier is disabled by 
removal of the +150 volts, Then 
the composite signal as it ap- 
pears in the non-delay channel 
is observed on the oscilloscope. 
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(5) 


(6) 


Switch SLE connects the atten- 
uated acquisition video from the 
unit to V2B, This is performed 
through switch positions 1, 8, 
and 9 only. In position 2, SIE 
connects 1.2 volts ac to the 
input of V2A. This voltage is 
derived from the 6,3-volt fil- 
ament ac supply by a drop 
across resistor R41 of the volt- 
age divider consisting of R41 
and R42, The 1,2 volts ac re- 
places ihe video signal as input 
to the cathode-ray tube. This 
voltage is used to calibrate the 
oscilloscope where it is usedas 
a reference for setting the GAIN 
variable resistor R18 control, 
In switch posiiions 3, 4, and 6, 
attenuated test video pulses are 
applied to V2B. In positions 5, 
7, and 10, test signals are also 
applied to V2B; however, inthis 
case low amplitude signals are 
measured, This condition ne- 
cessitates bypassing of the at- 
tenuation circuit consisting of 
C11 and R40, 

Switch Si is normally left in 
position 2 because maximum 
variable range is available for 
MTI operation, 
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20, (CMHA) Alarm Control 9000450 

a. General, The alarm control pro- 
vides an audible warning as a supple- 
ment to visual observation, An external 
4-inch speaker produces a 500-cps tone 
if a target signal appears in a se- 
lected sector on the acquisition PPI 
presentation, The alarm control utilizes 
preknock, video, acquisition azimuth 
gate, and acquisition range mark signals 
to produce the audible alert, The covered 
sector is adjustable in azimuth from 3 
degrees to 360 degrees centered about 
the acquisition (flashing) azimuth line 
and extends in range from zero to full 
radar range, which is 200,000 yards. 
Alarm control - 9000450 is used in sys- 
tems 1001 to 1070, Beginning with sys- 
tem 1071 alarm control - 9000450 is 
replaced by alarm control ~ 8158475 
(par, 20,1), 

b, Detailed Theory, 

(1) Monostable multivibrators V7A 
and V7B determine the outer 
limit of the sector range for 
the alarm control circuits (fig. 
26, TM 9-1430-257-20). During 
quiescence the control grid of 
V7B draws current, producing 
a drop across resistor R29 al- 
most equal to the +150-volt 
supply. This leaves approxi- 
mately +1 volt as positive 
bias on the grid of V7B and 
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fixes a reference level for one side of 
capacitor C15. Multivibrator V7A is 
cut off by the voltage developed across 
cathode resistor R40 by the conduction of 
VTB. With VTA cut off, C15 charges 
toward +150 volts through resistors R28 
and R22. This charge sets the positive 
level (B, fig. 18) for all square waves 
that originate at V7A between preknock 
pulses. 


KNOCK INPUT 
VTA 


@ OUTPUT OF 
VA 


( 
E, INPUT TO veB { 
i 


{ 
F OUTPUT FROM aot 
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Figure 13, (U) Alarm control waveforms - V6 and V7. 


(2) A positive preknock pulse (A, fig. 13) is 
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coupled through connector J8 (fig. 26, 
TM $-1430-257-20), capacitor C16, and 
resistor R38 to the grid of VTA. BIAS 
variable resistor R37 sets the bias level 
for V7A. The de voltage is dropped 
from —250 volts across R36 and set from 
0 to —10.9 volts.by means of R37. 
Capacitor C17 decouples the preknock 
pulse from the —250-volt supply. The 
preknock pulse is developed across re- 
sistor R39 in series with the ground side 
of R37. The negative excursion limit of 
the pulse is set by R37 and clipped by 
erystal diode CR4. When the lower ex- 
tremity of the pulse drops below the 
potential on the plate of CR4, this diode 
conducts and shunts out R39, thereby 
virtually grounding the pulse. 


(3) The preknock pulse is applied through 


(4 


( 


R38 to the control grid of V7A and causes 
conduction through V7A. By control- 
ling bias on the tube, R37 controls the 
plate current through V7A during con- 
duction. Consequently, R37 controls the 
level of the terminal voltage for charging 
C15. During the period that V7A is cut 
off, C15 charges toward +150 volts, and 
during conduction the plate voltage of 
V7A drops. Electron current flows from 
ground through R40 and through V7A 
to the plate side of C15 for a duration 
established by the prevailing clamping 
level of CR4. In this manner the pulse 
width of the-square wave can be varied 
from 0 to approximately 1,300 miero- 
seconds, 

In systems 1001 through 1058, the value 
of C15 is 1,100 micromicrofarads. Be- 
ginning with system 1059, the value of 
C15 has been changed to 1,300 mieromi- 
erofarads. The negative-going square 
wave (B, fig. 13), applied from V7A to 
the grid of V7B, is inverted at the plate 
to produce a positive square wave (C, fig. 
18) at the junction of resistor R30 (fig. 
26, TM 9-1480-257-20) and the plate of 
ViB. Capacitors C3B and C7A bypass 
the +150-volt plate supply, and resistor 
R24 is a parasitic suppressor. The lead- 
ing edge of the output square wave from 
V7B is in time coincidence with the pre- 
knock pulse. The space between the lead- 
ing edge and the trailing edge of the 
square wave is variable in time represent- 
ing zero range to full radar range. The 
output square wave is differentiated by 
eapacitor C13 and resistor R21; the posi- 
tive swing (leading edge) of the differen- 
tiated pulse is clipped by the blocking 
action of crystal diode CR7. The differ- 
entiated negative pulse (trailing edge) 
(D, fig. 13) is applied to bistable multi- 
vibrators V6A and V6B. 

Bistable multivibrators V6A and V6B de- 
termine the inner limit of the sector range 
for the alarm control circuit. Multivi- 
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brator V6A is cut off by the voltage de- 
veloped across cathode resistor R34 
caused by conduction of V6B. The nega- 
tive output of V6B is coupled from the 
junction of the plate and resistor R26 
through resistor R32 and capacitor C12 to 
the control grid of V6A, thereby cutting 
off V6A. The positive output from the 
plate of V6A is coupled from the junction 
of the plate and resistor R25 through re- 
sistor R31 and capacitor C11 to the con- 
trol grid of V6B, thereby holding V6B at 
full conduction. This establishes the neg- 
ative level of the output square wave (F, 
fig. 13) from V6B. 

The acquisition range mark (E, fig. 13) 
is coupled through connector J2 (fig. 26, 
TM 9-1430-257-20) and capacitor C14 to 
the cathode of conducting triode V6B. 
The acquisition range mark is a positive 
0.5-microsecond pulse that varies along 
the time base according to the acquisition 
radar range setting. The positive pulse 
on the cathode cuts off V6B and flips V6A 
to full conduction, thereby producing a 
positive-going square wave (F, fig. 18) 
from the plate of V6B. Duration of this 
square wave is terminated by application 
of the differentiated negative pulse (D, 
fig. 13) from V7B to the grid of V6A, 
thereby cutting V6A off. In al) ranges 
from, the acquisition radar range setting 
to the limit of the radar range, V6A and 
V6B establish the leading edge and V7A 
and V7B establish the trailing edge of the 
sector range waveform. 

Gate mixer V4 is a coincidence tube that 
combines the acquisition azimuth gate 
with the range gate pulse from V6B (F, 
fig. 18). The acquisition azimuth gate 
(A, fig. 14) is applied through connector 
P1-1 to terminal 1 of AZ variable resistor 
R12. The gate developed across R12 is 
picked off by the brush arm and applied 
tothe control grid of V4. The acquisition 
azimuth gate is a sinusoidal voltage with 
a pip at the peak of each alternation of 
the sinusoid. The frequency of the sine 


(8) 
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wave is determined by the speed of rota- 
tion of the acquisition antenna, one revo- 
lution per sine wave cycle. The center of 
the pip occurs in coincidence with the ac- 
quisition azimuth line (flashing line on 
the PPI}. 

Variable resistor R12 regulates the am- 
plitude of the acquisition azimuth gate 
that is applied to V4. Because of the 
negative de reference, the lower the am- 
plitude of the acquisition azimuth gate 
applied to V4 the narower the alarm con- 
trol azimuth sector will be. This limit 
approaches 53 mils (3°) when the de base 
line is near —70 volts. This condition is 
encountered when R12 is set fully coun- 
terclockwise. Then V4 is cut off except 
for a short time at the pip of the acqui- 
sition azimuth line. Since this pip ap- 
pears at the peak of the sinusoid, the 
alarm sector is centered about it. With 
resistor R12 set fully clockwise, the con- 
trol grid of V4 is at ground potential at 
all times and the sector azimuth coverage 
is 6,400 mils (360°). 

The range gate pulse (F, fig. 13), applied 
through resistor R19 to the suppressor 
grid of V4, occurs at the radar pulse 
repetition frequency, and its duration de- 
termines the range over which the alarm 
control will operate. Capacitor C10 
charges to average suppressor current 
and sets the bias level of V4. Resistor 
R19 prevents excessive loading of multi- 
vibrator V6B and together with R26 pro- 
vides a grid leak discharge path for C10. 
Mixer V4 is driven to conduction only on 
simultaneous application of positive- 
going pulses to the control grid and the 
suppressor grid. The input range gate 
pulse to the suppressor grid is shown in 
an expanded form (F, fig. 13) for pur- 
poses of clarifying the discussion. In 
reality, the range gate pulse can be ex- 
tended to 1,300 microseconds maximum 
duration and many such pulses (B, fig. 
14) can be gated through V4 depending 
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Figure £4. (0) Alarm control waveforms—Vi through V4. 
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upon the duration (set by R12) of the 
acquisition azimuth gate. 

(10) Assume R12 is set to the de level indi- 
cated by the dotted horizontal line in A, 
figure 14. On conduction of V4, a series 
of range gate pulses (B, fig. 14} are 
passed through V4 during the interval 
between the dotted vertical lines and are 
developed across plate load resistor R15 
and decoupled from the power supply by 
capacitor C7B. The range gate pulses, 
coupled through capacitor C8, are then 
applied to the control grid of gate am- 
plifier V5, 

(11) The positive portion of each gate pulse 
is clipped by crystal diode CR8. The re- 
maining portion is inverted in gate am- 
plifier V5, and then developed across 
plate load resistor R17, Resistor R16 is 
a parasitic suppressor, and capacitor C7C 
bypasses the power supply. Voltages de- 
veloped across cathode resistor R14 are 
sampled at test point TP] with an ex- 
ternal oscilloscope when making internal 
adjustments. The negative portions of 
the positive gate pulses from the plate of 
V5 are clipped off by erystal diode CRS. 
Crystal diodes CR8 and CR5 provide a 
quick recovery path for coupling capaci- 
tors C8 and C9, respectively. This pre- 
vents signal biasing by allowing C8 and 
C9 sufficient time to recharge between 
successive gate pulses when alarm sector 
range is fully extended. The clipping 
level of CRS is set at -13.15 volts by the 
voltage divider consisting of resistors 
R18 and R20 connected to the ~250-volt 
supply, The series of range gate pulses 
(B, fig. 14} is coupled from the junction 
of CO and CR5 to video and gate mixer 
V2, 

(12) Video amplifier V1 <fig. 26, TV 9-1430- 
257-20), video and gate mixer V2, and 
audio amplifier V3 combine the video 
signals with the 500-cps range gates from 
V5. Video signals (D, fig. 14) are 
coupled through connector J1 and capaci- 
tor Cl to the control grid of V1. Be- 
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cause of rapid recovery requirements the 
control grid of V1 is terminated by crys- 
tal diode CRI instead of the customary 
grid retum resistor. The positive por- 
tion of the signal above the dc level is 
clipped by CRI. Since CRI does aot 
shunt the negative signals, its back resist- 
ance (approximately 50,000 ohms) serves 
as the grid return, The negative signals 
are developed across this resistance and 
appear inverted and amplified at the 
plate of VI. Resistor R2 is the plate 
load and Rl is a parasitic suppressor. 
Capacitor C3A bypasses the power sup- 
ply and cathode resistor R3 provides the 
bias for V1, A clipped and inverted 
facsimile of the input video signal is ap- 
plied from the plate of V1, through 
coupling capacitor C2 to the control grid 
of V2. Again due to recovery require- 
ments, the signal level is clipped by crys» 
tal diode CR2. The clipping level can be 
adjusted by means of VID ALARM 
THRESHOLD variable resistor R5  lo- 
cated in the acquisition control~indicator. 
Resistor R5 (fig. 21, TM 9-1430-257-20) 
is the grid return, and resistor R4 (fig. 
26, TM 9-1430-257-20) and capacitor 
€20 form a decoupling network used to 
prevent video signals from entering the 
-250-volt supply. The 500-cps series of 
range gates is applied to the suppressor 

(1 grid of V2. 

(18) Any video signal appearing in the sec- 
tor arrives in coincidence with the series 
of 500-cps gates and drives V2 into con- 
duction. These signals are inverted in 
V2 and developed across plate load resis- 
tor R7 (D, fig. 14), The screen grid 
voltage is dropped through resistor R41 
and bypassed by capacitor C19. Resistor 
RG is a parasitic suppressor and capacitor 
C8C is a plate bypass. 

(14) A pulse stretcher consisting of crystal 
diode CR3, capacitor C4, and resistor RO 
is included in the plate circuit of V2. 
When V2 conducts, the plate-drops due to 
electron current conduction, Since the 
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cathode of CR3 is now at a 
lower level than the plate of 
CR3, current flows from V2 
through CR3 and charges C4, 
When V2 is swinging toward 
cutoff, the plate voltage rises 
and blocks CR3, The junction 
of R6, R7, and C4 also rises, 
and C4 can discharge toward 
this junction only through R9, 
The delaying action of this RC 
circuit extends the duration of 
the audio signal that is coupled 
through capacitor C5 and de- 
veloped across resistor R10, 
then applied to audio amplifier 
V3. This stage amplifies the 
audio and drives output trans- 
former T1. Capacitor C18 res- 
onates the transformer primary 
at an audible frequency (500- 
cps). This resonant circuit is 
a frequency selective circuit 
used to eliminate the noise con- 
tent of the audio signal, 

The audio is coupled to an ex- 
ternal speaker from impedance 
matching terminals 3 and 5 of 
the secondary of T1, These 
terminals are coupled through 
connector P1-3 and P1-4 to the 
speaker, which is mounted in 
the upper right-hand corner of 
the horizontal plotting-board 
cover (A6, fig, 3, TM 9-1430- 
257-20). Volume is regulated 
by means of video alarm volume 
control variable resistor R31 
(A5, fig, 3, TM 9-1430-257-20) 
located next to the loudspeaker 
terminals behind the horizontal 
plotting-board cover, 

The auto alarm is energized 
by closing switch S8 (fig. 21, 
TM 9~1430-257-20) which is on 
the same shaft as VID ALARM 
THRESHOLD variable resistor 
R5, Closure of S8 energizes 
video alarm relay K1 (fig, 26, 


cl 


TM 9-1430-257-20), In turn, 
6.3 volts is applied to the fil- 
aments of all vacuum tubes ex- , 
cept V6, through K1 relay con~|( 
tacts 7 and 12, The filament 
of V6 is energized through con- 
tacts 5 and 11, In order to 
maintain minimum difference 
of potential between the cathode 
and filament of V6, the fila- 
ment is returned to -250 volts 
through limiting resistor R23. 


20,1 (CMHA) Alarm Control - 8158475 

a, General, Beginning with system 

1071, alarm control - 9000450 (par. 20) 

is replaced by alarm control - 8158475, 

The alarm control provides an audible 

warning as a supplement to visual ob- 

servation, An external 4-inch speaker 

produces a 500-cps tone if a target 

signal appears in a selected sector 

on the acquisition PPI presentation, 

The alarm control utilizes preknock, 

video, acquisition azimuth gate, and| 

acquisition range mark signals to pro- 

duce the audible alert, The covered 

sector is adjustable in azimuth from 3 

to 360 degrees centered about the ac- 

quisition (flashing) azimuth line and 

extends in range from zero to full radar 
range, which is 250,000 yards. 

b, Detailed Theory. 

(1) Monostable multivibrators V7A 

and V7B (fig, 26.1, TM 9-1430- 

257-20) determine the outer 

limit of the sector range-for 

the alarm control circuits, Dur- 

ing quiescence V7B is conduct- 

ing and V7A is cut off, The 

control grid of V7B is clamped 

at approximately -225 volts by 

action of clamper V5B which 

fixes a reference level for one 

side of capacitor C15, Clamper 

V5B is essentially part of a 

voltage divider consisting of 

resistor R42 and C19 in par~ 

allel, V5B, and resistor R29 
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which is the plate load resistor 
for V5B and the grid load re- 
sistor of V7B. Resistor R42 
and Ri4 form a voltage divider 
between -250 volts and ground 
to produce cathode bias voltage 
for V5B, Capacitor C19 main- 
tains the voltage drop across 
R42 at a constant potential, 
When the grid of V7B tends to 
go more positive than -225 
volts, V5B increases conduction 
which maintains the grid of 
V7B at -225 volts. When the 
grid of V7B tends to go more 
negative than -225 volts, V5B 
reduces conduction allowing 
normal operation of V7B to 
take place, Resistor R40 is a 
common cathode resistor for 
V7A and V7B, Resistor R24 in 
parallel with capacitor C9 pre- 
vents switching transients in 
the cathode circuit from trig- 
gering the multivibrators, Re- 
sistor R30 is the plate load re~ 
sistor of V7B. Multivibrator 
V7A is cut off by the voltage 
developed across R40 during the 
conduction of V7B, With V7A 
cut off, clamper V5A maintains 
the plate of V7A and the other 
side of C15 at approximately 
ground potential, This action 
establishes the positive level (B, 
fig. 13) for all square waves 
that originate at V7A between 
preknock pulses, Resistors R22 
and R28 are the common plate 
load resistors of V7A and V5A, 
Capacitor C3B is a decoupling 
capacitor preventing rf signals 
of V7A from entering the +150- 
volt supply, 

A positive preknock pulse (A, 
fig, 13) is coupled through con~ 
nector J3 (fig, 26.1, TM 9- 
1430-257-20), capacitor C16 and 
resistor R88 to the control grid 
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of V7A, The setting of BIAS 
variable resistor R37 controls 
the bias level for V7A which is 
varied from -233 to -250 volts. 
Variable resistor R37 and re- 
sistor R86 form a voltage di- 
vider between -250 volts and 
ground for developing the bias 
voltage for V7A, Capacitor C17 
decouples the preknock pulse 
from the -250-volt supply. The 
preknock pulse is developed a~ 
cross resistor R39, part of R37, 
and R38, The negative excur- 
sion limit of the pulse is set by 
R87 and clipped by crystal diode 
CR4, When the lower extremity 
of the pulse drops below the 
plate potential of CR4, this diode 
conducts and shunts R39, there- 
by virtually grounding the pulse, 
The preknock pulse applied 
through R88 to the control grid 
of V7A drives V7A into con- 
duction, By controlling the bias 
on V7A, R37 controls the plate 
current through V7A during con- 
duction, Consequently, R37 con- 
trols the level of the terminal 
voltage for charging C15, During 
the period that V7A is cut off, 
C15 charges toward +150 volts. 
However, when C15 is charged 
slightly above ground potential 
(approximately +0.5 volts) V5A 
conducts keeping C15 at ground 
potential, When V7A conducts, 
plate voltage of V7A and V5A 
decreases, cutting off V5A, 
Electron current flows from 
ground through R24, R40, and 
V7A to the plate side of C15 
for a duration established by 
the setting of R87. In this man- 
ner the pulse width of the square 
wave at the plates of V7A and 
V7B can be varied from 0 to 
1600 microseconds (minimum), 
The negative-going square wave 
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(B, fig. 13), applied from the 
plate of V7A through C15 to the 
grid of V7B, is inverted by V7B 
producing a positive-going 
square wave (C, fig, 13) at the 
plate of V7B. The leading edge 
of the output square wave from 
V7B is in time coincidence with 
the preknock pulse, The space 
between the leading and trailing 
edges of the square wave is 
variable in time (0 to 1600 
microseconds) representing 
zero to full radar range. The 
output square wave is differ- 
entiated by capacitor C13 and 
resistor R21, The positive swing 
{leading edge) of the differen- 
tiated pulse is clipped by the 
blocking action of crystal diode 
CR7, The negative swing (trail- 
ing edge) (D, fig, 13) is applied 
to bistable multivibrator V6A. 
Gate mixer V4 is a coincidence 
tube that combines the acquisi- 
tion azimuth gate and the acqui- 
sition range mark, The acquisi- 
tion azimuth gate (A, fig, 14) 
is applied through connector 
Pi-1 and developed across AZ 
variable resistor R12. The gate 
developed across R12 is picked 
off by the brush arm and applied 
to the suppressor of V4. The 
acquisition azimuth gate is a 
sinusoidal voltage with a pip at 
the peak of each alternation of 
the sinusoid, The frequency of 
the sine wave is determined by 
the speed of rotation of the ac~ 
quisition antenna, one revolu- 
tion per sine wave cycle, The 
center of the pip occurs in 
coincidence with the acquisition 
azimuth line (flashing line on 
PPI. The acquisition azimuth 
gate at the brush arm of Ri2 
will not drive V4 into conduc- 
tion unless the control grid is 
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raised above cutoff by the ac- 
quisition range mark, The ac- 
quisition range mark (E, fig. 
13), coupled through connector 
J2, is differentiated by capac- 
itor C21 and resistor R16 at 
the control grid of V4, resulting 
in an extremely sharp leading 
edge of the pulse, The acquisi- 
tion range mark is a positive 
0,.5-microsecond pulse that 
varies along the time base ac~ 
cording to the acquisition radar 
range setting, Control grid bias 
for V4 is -13.5 42.5 volts de- 
veloped by the voltage divider 
consisting of resistors R20 and 
R18 connected between -250 
volts and ground, 

Variable resistor R12 regulates 
the amplitude of the acquisition 
azimuth gate that is applied to 
the suppressor grid of V4, Be- 
cause of the negative de refer- 
ence, the lower the amplitude 
of the gate applied to V4, the 
less time the suppressor grid 
is above cutoff, Consequently, 
the alarm control azimuth sec- 
tor is narrower, The sector 
approaches 53 mils (3 degrees) 
when the de level (setting of 
R12) is near -70 volts, Then 
the ‘suppressor grid of V4 is 
cut off except for a short time 
at the pip of the acquisition 
azimuth gate. Since this pip 
appears at the peak of the sinus- 
oid, the alarm sector is cen- 
tered about it. When the setting 
of Ri2 is near ground potential, 
the suppressor grid of V4 is 
above cutoff for the entire period 
of the acquisition azimuth gate, 
This results in an azimuth sec- 
tor coverage of 6400 mils (360 
degrees). 

The differentiated acquisition 
range mark at the control grid 
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of V4 occurs at the radar pulse 
repetition frequency and deter- 
mines the range over which the 
alarm control operates, Mixer 
V4 conducts only when the sup- 
pressor grid and control grid 
are simultaneously above cutoff, 
When V4 conducts, the signal at 
the plate is a series of nega- 
tive-going pulses, The number 
of pulses is determined by the 
azimuth sector coverage (set~ 
ting of R12), The negative-going 
pulses at the plate of V4 are 
differentiated by capacitor C8 
and resistor R17, The negative 
swing (leading edge) is coupled 
through crystal diode CR5 and 
applied tobistable multivibrator 
V6B. The positive swing {trail- 
ing edge) is clipped by the block- 
ing action of CR5. Resistors 
R13 and R15 are plate load re- 
sistors. Resistor R13 is also 
a screen dropping resistor and 
capacitor C7B is a screen by- 
pass capacitor, 

Bistable multivibrators V6A and. 
V6B produce the range gate 
pulse for gating video and gate 
mixer V2, Two pulses are re- 
quired to complete one cycle 
of operation for V6A and V6B. 
When power is initially applied 
to the alarm control either V6A 
or V6B conducts, After the first. 
complete cycle of multivibrator 
action V6B is normally con- 
ducting and V6A is cutoff by the 
voltage drop developed across 
common cathode resistor R34, 
Capacitor C14 prevents cathode 
signals of V6A and V6B from 
entering the -250-volt supply, 
The negative pulse coupled 
through CR65 is coupled through 
capacitor C11 and resistor R31 
in parallel to the grid of V6B. 
The negative pulse at the grid 
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of V6B, cuts off V6B resulting 
in a positive pulse at the plate. 
The positive pulse at the plate 
is coupled through capacitor 
C12 and resistor R32 in par- 
allel with the grid of V6A and 
drives V6A intoconduction. Both 
V6A and V6B will remain in 
this state until another trigger 
changes the condition, The neg- 
ative pulse coupled through CR7 
is coupled through C12 and R32 
in parallel with the grid of VGA, 
cutting off V6A. The resultant 
positive pulse at the plate of V6A 
is coupled through C11 and R31 
to the grid of V6B, driving V6B 
into conduction, The pulse cou- 
pled through CR5 determines the 
start of the output pulse from 
V6B and is variable along the 
time base as the acquisition 
radar range setting is varied, 
Termination of the output pulse 
from V6B is determined by the 
pulse coupled through CR7. This 
pulse is variable from 0 to1600 
microseconds (minimum) as de- 
termined by the setting of R37, 
The output pulse at the plate of 
Vé6éB (F, fig. 13) is a square 
wave variable from 0 to 1600 
microseconds, The leading edge 
is determined by the pulse cou- 
pled through CR5 and the trail- 
ing edge by the pulse coupled 
through CR7, 

Video signals (C, fig. 14) are 
coupled through connector Ji 
and capacitor C1 to the control 
grid of V1, Because of rapid 
recovery requirements the con- 
trol grid of Vi is terminated 
by crystal diode CRI instead 
of the customary grid return 
resistor, The positive portion 
of the signal above the dc level 
is clipped by CR1, Since CR1 
does not shunt the negative sig- 
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nals, its back resistance 
(approximately 50,000 ohms) 
serves as the grid return, The 
negative signals are developed 
across this resistance and ap- 
pear inverted and amplified at 
the plate of Vi. Capacitor C3A 
bypasses the power supply and 
cathode resistor R3 provides 
the bias for V1. A clipped and 
inverted facsimile of the inpat 
video signal is applied from the 
plate of V1, through coupling 
capacitor C2 to the control grid 
of V2, Again due to recovery 
requirements, the signal level 
is clipped by crystal diode CR2, 
The clipping level can be ad- 
justed by means of VID ALARM 
THRESHOLD variable resistor 
R5 (fig, 21, TM 9-1430-257-20) 
located in the acquisition con- 
trol-indicator, Resistor R5 is 
the grid return, and resistor 
R4 (fig, 26, TM 9-1430-257-20) 
and capacitor C20 form a de- 
coupling network used to pre- 
vent video signals from enter- 
ing the -250-volt supply. The 
500-cps series of range gates 
is applied tothe suppressor grid 
of V2, 

Any video signal appearing in 
the sector arrives in coinci- 
dence with the series of 500- 
eps gates and drives V2 into 
conduction, These signals are 
inverted in V2 and developed 
across plate load resistor R7 
(D, fig. 14), The screen grid 
voltage is dropped through re- 
sistor R41 and bypassed by 
capacitor C7A, Resistor R6 is 
a parasitic suppressor and ca- 
pacitor C8C is a plate bypass, 
A pulse stretcher consisting of 
crystal diode CR3, capacitor 
C4, and resistor R9 is included 
in the plate circuit of V2, When 
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V2 conducts, the plate drops 
due to electron current con- 
duction, Since the cathode of 
CR3 is now at a lower level 
than the plate of CR3, current 
flows from V2 through CR3 and 
charges C4, When V2 is swing- 
ing toward cutoff, the plate volt- 
age rises and blocks CR3, The 
junction of R6, R7, and C4 also 
rises, and C4 can discharge to- 
ward this junction only through 
R9, The delaying action of this 
RC circuit extends the duration 
of the audio signal that is cou- 
pled through capacitor C5 and 
developed across resistor R10, 
then applied to audio amplifier 
V3, This stage amplifies the 
audio and drives output trans- 
former T1. Capacitor C18 res- 
onates the transformer primary 
at an audible frequency (500 
eps}. This resonant circuit is 
a frequency selective circuit 
used to eliminate the noise con- 
tent of the audio signal, 

The audio is coupled to an ex- 
ternal speaker from impedance 
matching terminals 3 and 5 of 
the secondary of T1, These ter- 
iminals are coupled through con- 
nector P1-3 and Pi-4 to the 
speaker, which is mounted in 
the upper right-hand corner of 
the horizontal plotting-board 
cover (A6, fig. 3, TM 9-1430~ 
257-20). Volume is regulated 
by means of video alarm volume 
control variable resistor R31 
(A5, fig. 3, TM 9-1430-257-20) 
located next to the loud speaker 
terminals behind the horizontal 
plotting board cover, 

The auto alarm is energized 
by closing switch $8 (fig. 21, 
TM 9-1430-257-20) which is 
on the same shaftas VID ALARM 
THRESHOLD variable resistor 
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R5. Closure of S8 energized video 
alarm relay K1 (fig. 26, TM 9-1430- 
257-20). In turn, 6.3 volts ac is ap- 
plied to the filaments of all vacuum 
tubes except V6, through K1 relay 
contacts 7 and 12. The filament of 
V6 is energized through contacts 5 
and 11. In order to maintain mini- 
mum difference of potential between 
the cathode and filament of V6, the 
filament is returned to —250 volts 
dc through limiting resistor R23. 


20.2 (U). Fast AGC Amplifier 9990768 

a. General. The fast AGC amplifier provides 
amplification of the bypass video, generates two 
video gate pulses (video gate 1 and video gate 
2) and a jam strobe (JS) blanking pulse, and 
develops bias voltage used in the main IF am- 


plifiers. 


b. Detailed Theory. 


(1) Resistor R2 is connected through by- 


pass video connector J1 to the plate of 
amplifier V8B in the main acquisition 
IF amplifier (fig. 26.2, TM 9-1430- 
257-20), and functions as a plate drop- 
ping resistor to develop the bypass 
video. Capacitor C1 and resistor R1 
provide filtering for the +150 volt 
supply. From R2, the signal is coupled 
through capacitor C2, developed 
across resistor R4 and coupled through 
parasitic suppressor resistor R3 to the 
input grid of amplifier V1. Crystal 
diode CR1 clamps out any positive go- 
ing signals. Cathode bias for V1 is 
provided by resistor R6 and by capa- 
citor C23, whose value is such that 
high frequency noise will be shunted 
out by increased bias. Resistor R67 is 
a screen grid dropping resistor, and 
resistor R5 is plate load for V1. Nor- 
mal coupling from the plate of V1 to 
the grid of amplifier V2A is through 
capacitor C3 and C4 and resistor R&. 
When AGC ON relay K2 is energized, 
contacts 4-5 of K2 open, disconnecting 
C4, and while contacts 3-5 close, con- 
necting resistor R7 in parallel with 
resistor R8, decreasing the time con- 
stant of coupling network. This fast 
time constant will differentiate large 
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clatter and jamming signals in the by- 
pass video. Crystal diode CR2 main- 
tains the positive going video while 
bypassing unwanted negative signals. 
V2A amplifies the video signal, de- 
veloping it across the plate resistance. 
Part. of the developed video is fed 
from the wiper arm of BYPASS VID 
GAIN variable resistor R10 through 
capacitor C5 to BYPASS VIDEO OUT 
connector J2. BYPASS VID test point 
TP1 enables monitoring of the video 
output. The output of V2A is also 
coupled through capacitor C6 and 
parasitic suppressor resistor R12 to 
the control grid of high gain ampli- 
fier V3. Resistor R13 develops the 
signal, with crystal diode CR3 by- 
passing unwanted positive signals. 
Zenner diode CR19 maintains a con- 
stant voltage on the screen grid, while 
unbypassed resistor R16 in the cath- 
ode increases stability. Resistor R14 
and capacitor C24 act as a rf decou- 
pling network for the +250 volt sup- 
ply. AGC TST test point TP2 pro- 
vides monitoring of V3 output. The 
signal is developed by V3 plate load 
resistor R15 and coupled through ca- 
pacitor C8, resistor R17, a fast re- 
acting network consisting of resistors 
R18, R19, R20, and capacitor C9, C10 
and crystal diode CR5 to the grid of 
cathode follower V4A. With normal 
signals and without excessive clutter, 
C9 is charged through R20 and R19 
to an average de level, which in turn 
sets the conduction level of V4A. 
When excessive clutter starts, C9 
charges to a higher positive level. In- 
ereasing the de level ungates CR5, 
which couples the differentiated clut- 
ter noise directly from V8 through 
R18 and C10. CR4 removed negative 
going signals. 

From the plate of cathode follower 
V4A, the video signal is gated by 
crystal diodes CR6 through CR9. With 
AJD ON relay K1 deenergized, posi- 
tive and negative going 28 microsec- 
ond gates are fed, respectively, 
through contacts 1-9 and 3-10 of K1 


46.5 


TM 9-1430-250-35 


46.6 


(3 


and resistors R22 and R23 to the 
diodes. The purpose of gating the by- 
pass video when not in AJD is to pro- 
vide a reference bias level for the AGC 
circuit so that fast AGC will take 
effect quickly when switching to AJD 
operation. After the video is switched 
through CR6 through CR9, the sig- 
nal is coupled through resistor R73 
and across capacitors C25 and C11 to 
the control grid of cathode follower 
V4B. If the AJD mode is in operation, 
contacts 8-12 of K1 close and the sig- 
nal is applied directly from the gating 
diodes to the grid of V4B. With K1 
deenergized, C11 and C25 charge to a 
given de level through R78. Excessive 
clutter raises this de level of C11 and 
C25, ungating crystal diode CR20 and 
permitting Cll and C25 to charge 
through R72, greatly reducing the 
time constant of the charging net- 
work. The change in time constant 
differentiates the clutter, leaving the 
target IF signal stronger than the 
total returns, 

The cathode circuit of V4B is com- 
posed of resistors R24, R26, and AGC 
ADJ variable resistor R25, R25 is ad- 
justed when installed in the operating 
system. The voltage level from R25 
is fed through resistor R27 to the 
grid 8 of amplifier V5. The signal 
is cathode coupled to cathode 7 of 
V5, where it is amplified and then 
coupled from the plate through resis- 
tor R83 to the control grid of ampli- 
fier V6A. The output of V6A is cou- 
pled through capacitor C12 in parallel 
with resistor R837 to the control grid 
of cathode follower V6B. C12 in- 
creases the response of the de coupling 
between V6A and V6B. The output of 
V6B is coupled through parasitic sup- 
pressor resistor R40 to the control 
grid of driver V74A. V7A and V7B 
form a degenerative feedback output 
stage providing a stable dc level, From 
the plate of V7A the signal is coupled 
through resistor R43 and capacitor 
C15 to the grid of V7B. The cathode 
voltage of V7B is provided by the 
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—250v supply. The plate output sig- 
nal of V7B is fed through contacts 
2-6 of energized, AGC ON relay K2. 
Also from the plate of V7B the signal 
is fed back to the cathode of V7A ‘og 
provide degeneration, and through re-\ 
sistors R30, R29, and R28 to provide 
in-phase polarity to the grid of V5. 
For stages V5 through V7, resistors 
R381, R35, and R42 are plate dropping 
resistors, and resistors R33, R34, R37, 
R38, R48, and R44 are de coupling 
resistors. Resistor R41 and capacitor 
C13 provide decoupling and isolation 
of +150v supply in the plate circuit 
of V7A. 


| 
Multivibrator V9 is a modified, cath- 
ode coupled, one shot multivibrator. A 
positive preknock pulse is coupled 
from PREKNOCK IN connector J3 
through capacitor C16 and crystal 
diode CR10 to control grid 2 of V9. 
Resistors R49 and R51 block negative 
signals from pin 2 of V9. When a 
positive signal is applied on pin 2 of 
V9, there is a decrease in voltage aty 
plate 1, an increase in positive bias\ 
at cathode 8, and a decrease in plate 
current and an increase in plate volt- 
age at plate 6. This condition causes 
C19 to discharge through GATE LG 
variable resistor R57 sufficiently to 
cut off the current at plate 6, causing 
C18 to charge. After 23 microseconds, 
the charging of C18 through R50 and 
R51 makes grid 2 sufficiently negative 
to cut off the current at plate 1. Ca- 
pacitor C17 increases response for 
C18 and R50. From the junction of 
resistors R52 and R53, negative-going 
square waves are fed to VID GATE 
2 OUT connector P1-3, to crystal 
diodes CR14, CR15, and to GATE 2 
test point TP5. From the junction of 
R54 and R55, positive-going square 
waves are fed to VID GATE 1 OUT 
connector P1-1, to crystal diodes CR12, / 
CR13, to GATE 1 test point TP4, and 
through capacitor C21 and resistor 
R64 to the grid of amplifier V2B. Re- 
sistors R63 and R64 provide a bias of 
negative 60 volts to the grid of V2B. 
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When a positive going 68 volt square 
wave is coupled through C21 to V2B 
grid of the signal is amplified and cou- 
pled through capacitor C22 to JS 
BLANKING OUT connector P1-5. 
Multivibrator V8 is used in conjunc- 
tion with zenner diodes CR11 and 
CR16 to provide sharp on-off opera- 
tion of V9 and to maintain the square 
wave outputs at a plus and minus 68 
volts level. V8 is normally conducting 
which provides maintenance current 
for CRI1 and CR16. When V9 plate 
voltage changes, this voltage is applied 
to the grids and cathodes of V8, which 
limits overshoots on V9. The 68 volt 
square wave outputs are fed through 
contacts 3-10 and 1-9 of deenergized 
relay K1 in normal or AGC operation 
mode. The 28-microsecond square 
wave ungates the diode bridge at the 
output of V4A and allows the bias 
level of the amplifier and driver out- 
put to be established for jamming sig- 
nal during the preknock to syne pulse 
period. This action insures that all 
target returns will be amplified at a 
level for maximum detection of targets 
during jamming or excessive clutter. 

Relay K1 is energized when AJD 
switch $20 in the acquisition and IFF 
control-indicator is set to AJD posi- 
tion, closing contacts 11-6 and provid- 
ing a ground path for AGC ON relay 
K2, and thereby insuring that K2 is 
always energized when using the AJD 
mode of operation. K2 can be ener- 
gized independently by setting GAIN 
variable resistor R3 in the acquisition 
and IFF control-indicator fully clock- 
wise which closes switch $22 and pro- 
vides a relay ground for K2. Resis- 
tors R47 and IF GAIN ADJ R48 
through contacts 1-6 of deenergized 
K2 is a manual IF gain adjustment. 
Resistor R70 connected to the —250 
volt supply maintains the filament cir- 
cuit of V9 at —250 volts de level, 
thereby preventing damaging from 
the cathode of V9 which operates near 
a —250 volt level. Voltage networks 
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composed of R59 through R62 provide 
a constant ungating voltage for crys- 
tal diode bridge CR6 through CR9 
during AJD operation. 


4-KC Oscillator 8512062 


a. General. The 4-ke oscillator generates a 
4-ke sine-wave carrier signal for use in the in- 
dicator system of the acquisition radar. 

b. Detailed Theory. 


q) 
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Oscillators V1A and V1B (fig. 28, TM 
9-1430-257-20) form a push-pull os- 
cillator. The frequency of oscillation 
(4-ke) is determined by the resonant 
frequency of the tank circuit com- 
posed of inductor L1 and capacitors 
Cl, C2, and C8. Regenerative feed- 
back from the plate circuit of VLA to 
the grid circuit of VIA is accom- 
plished by the autotransformer action 
of Lil and by the coupling action 
of C3. Regenerative feedback from 
the plate circuit of V1B to the grid cir- 
cuit of VIB is accomplished by the 
autotransformer action of L1 and by 
the coupling action of Ci. Degenera- 
tive feedback from the plate circuit of 
VIA to the grid circuit of V1A is pro- 
vided by Cl and C2 in series. Degen- 
erative feedback from the plate cir- 
cuit of V1B to the grid circuit of VIB 
is provided by C3 and C2 in series. 
The degenerative feedback offsets 
some of the regenerative feedback 
and prevents VIA and V1B from be- 
ing driven alternately into cutoff and 
into saturation, thus preserving the 
sinusoidal waveshape of the oscillator 
output. Resistors R1 and R38 are grid 
return resistors for VIA and V1B, 
respectively. 

The plate voltage of the oscillator is 
determined by setting ACQ ADJ vari- 
able resistor R5, a part of the voltage 
divider consisting of R4, R5, and R6. 
The plate voltage determines the am- 
plitude of the 4-ke sinewave signal 
supplied by the oscillator to push-pull 
power amplifiers V2 and V8. Capaci- 
tor C4 keeps the 4-ke signal out of the 
power supply. 
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(3) Push-pull power amplifiers V2 and V3 


amplify the 4-ke sinewave signal re- 


ceived from V1, Resistors R7 and R12 


46.8 


ce 


isolate the oscillator from the power 
am- 


4) 


(5) 


plifiers. The 4-ke signal at the plate 
of V1A is coupled through R7 and 
capacitor C5 to the grid of V2. Grid 
signals of V2 are developed across 
grid resistor R9. The 4-ke signal at 
the plate of V1B is coupled through 
R12 and capacitor C6 to the grid of 
V3. Grid signals of V3 are developed 
across grid resistor R11. Resistors 
R10 and R19, common cathode resis- 
tors for V2 and V3, provide degener- 
ation, thus preserving the sinusoidal 
waveshape of the 4-ke signal. Resis- 
tors R10 and R19 are in parallel to pro- 
vide greater power handling ability 
of the circuit, Resistors R$ and R13 
provide degenerative feedback for 
minimizing harmonic distortion in 
the output. 


The 4-ke output signal from V2 and 
V3 is fed through connector P1-9 
and 11 to the primary winding of 
output transformer T3. Transformer 
T3, shown in phantom in figure 28, 
TM 9-1430-257-20, is mounted sep- 
arately from the chassis of the 4-ke 
oscillator assembly. The secondary 
winding of T3 supplies the 4-ke sig- 
nal to the input of cathode follower 
V4 through P1-3. At the input of V4, 
the 4-ke signal is impressed across a 
voltage divider consisting of resistor 
R14, LINE ADJ variable resistor 
R18, and resistor R15. The setting of 
R18 determines the amplitude of the 
4-ke signal coupled through C7 to the 
grids of V4. 


Cathode follower V4 is a dual-triode 
tube whose like elements are paral- 
leled externally to provide greater 
power handling ability. Bias voltage 
is obtained from the junction of cath- 
ode resistors R16 and R17, which are 
shunted by inductor L2. The inductor 
and cathode resistors in parallel es- 
tablish the quiescent state of V4. The 
inductor serves as the load impedance 
across which the 4-ke output signal is 
developed. Capacitor C8 prevents de 
voltage, present at the cathode, from 
entering the external line slew resolver 
through P1-5. This line slew resolver 


(6) 
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acts as an inductive load to the cathode 
follower output. Capacitor C9, con- 
nected in shunt with this inductive load, 
effectively cancels current lag caused by 
the load, thereby minimizing power loss 
in the output line. 

CARRIER test point TP1 provides 
means for checking the voltage or 
waveshape of the signal input to cath- 
ode follower V4. ACQ test point TP2 
provides means for checking the volt- 
age or waveshape at terminal 2 of out- 
put transformer T3. LINE test point 
TP3 provides means for checking the 
voltage or waveshape of the signal out- 
put of V4. 


22 (U). 20—30-Second Delay Timer 7620519 

a. General. The 20-80-second delay timer is 
used to delay the application of plate voltage 
to thyratron rectifier tubes in the low-voltage 
power supplies. Although the delay timer is 
used in the acquisition radar to provide a 20- 
second delay, it is capable of providing from 
18 to 30 seconds of delay. The delay period is 
determined by the setting of delay time varia- 
ble resistor R11. 


b, Detailed Theory. 


ql) 


(2) 


The —28 volts, connected across start 
relay K2 (fig. 29, TM 9-1480-257- 
20), energizes K2 and opens the relay 
contacts. This disconnects resistor R4 
from the timer. Phase B of the 120- 
volt ac supply is connected across pri- 
mary winding 1-2 of power transfor- 
mer T1. Secondary winding 3-5 of 
transformer T1 supplies 750 volts ac to 
the plates of rectifiers VIA and V1B. 
The de output of rectifiers VIA and 
V1B is filtered by R3 and C2 and 
then impressed across the voltage di- 
vider consisting of R6 and reference 
V2. The voltage drop across R6 is ap- 
plied from cathode to plate of timers 
V3A and V3B, causing the plates to 
be positive with respect to the cath- 
odes, Reference V2 maintains a con- 
stant 150 volts de across a resistance- 
capacitance network comprised of 
Ril, R5, and Ci, Since the plate of 
V2 is connected to ground, the cath- 
ode of V2 is at —150 volts relative to 
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the plate. Capacitor C1 cannot change 
instantaneously ; therefore, the entire 
150 volts initially is dropped across 
Ril and R5, As a result, the grids of 
V3A and V3B are made 150 volts neg- 
ative with respect to the cathode; 
plate current in V3A and V83B is cut 
off. 

Capacitor Cl now starts to charge 
exponentially, causing the voltage 
across R11 and R&S to decrease from 
150 volts toward ground. As the volt- 
age across R11 and R5 decreases, the 
grid bias of V3A and V8B decreases. 
After 20 seconds (assuming that R11 
is set properly), the grid to cathode 
potential of V3A and V3B is reduced 
sufficiently to permit V3A and V3B 
te conduct. The plate current of V3A 
and V3B energizes end relay K1, 
causing the relay contacts to close. The 
contacts of K1, when closed, complete 
an external circuit through terminals 
1-2 of connector Pl. This circuit ap- 
plies plate voltage to external thyra- 
tron rectifiers. When the —28-volt 
de supply is removed from the delay 
timer circuit, start relay K2 connects 
resistor R4 across capacitor Cl, This 
provides a discharge path for the ca- 
pacitor and makes it ready for an- 
other timing operation. 


22.1 (U). 5-Minute Delay Timer 9145194 


a. General. The 5-minute delay timer delays 


the application of high voltage to the acquisi- 
tion modulator, thereby delaying the applica- 
tion of high voltage to the magnetron. The 
5-minute delay period allows the magnetron 
filament to reach proper operating temperature 
before high voltage is applied to the cathode. 
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b, Detailed Theory. 


(1) Phase A of the 120-volt ac supply, ap- 


plied at connector P1-14 (fig. 90, TM 
9-1430-257-20) is applied to terminal 
3 of timer M1 and to CR1, Phase A 
is rectified by half-wave selenium rec- 
tifier CR1. The rectified voltage, after 


(2) 


cs 


being filtered by resistor Rl and ca- 

pacitor Cl, energizes start relay K1. 

Energizing Kl completes acquisition 

high-voltage interlock and indicator 

circuits and also starts the delay » 
period by energizing the timing motor| 
and solenoid in interval timer M1. 

Contacts 5-11 of Ki close, completing 

a portion of the acquisition high-volt- 

age interlock circuit. Contacts 4-10 of 

K1 close, completing the circuit to the 

HIGH VOLTS PRE HEAT indicator 

lamp on the acquisition power control 

panel. Contacts 2-9 close, completing 

the ground circuit of the —28-volt sup- 

ply to the for escape solenoid K30. The 

ground connection to motor Bl is 

made through contacts 3-10 of deener- 

gized relay K2 and energized escape 

solenoid K3. 


When energized, the solenoid in timer 
MI acts as an electromagnetic clutch 
to establish the mechanical drive be- 
tween the motor and the sensitive 
switch. The motor is geared down. A 
spring-loaded lever, mounted on the 
shaft of the motor, is driven for 5 
minutes through an angular rotation 
to actuate the sensitive switch. In 
the activated position, the switch 
completes the ground circuit of the 
— 28-volt supply to energize end relay 
K2, marking the end of the 5-minute 
delay period. Contacts 10-4 of ener- 
gized relay K2 breaks the 120v PAA 
return, thus stopping the motor. Con- 
tacts 5-11 of K2 close, completing the 
cireuit controlling the application of 
acquisition high voltage. Contacts 
7-12 close, applying —28 volts to the 
HIGH VOLTS READY indicator lamp 
on the acquisition power control panel. 
The path through the 5-minute delay 
timer for the 4320 volts is from ter- 
minal 6 of connector P1 through con- 
tacts 2 and 9 of K2 through the heat- 
ing element of thermal relay K4 to 
terminal 8 of connector Pl, 


Fr 
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ce 


(3) 


(4) 


The heater element across terminals 
2-3 of K4 is in series with the +320- 
volt plate supply to the acquisition 
trigger amplifier. When excessive cur- 
rent is drawn by the acquisition 
trigger amplifier, the heater element 
of K4 causes the bimetallic contacts 
across terminals 5 and 7 of K4 to 
open the acquisition high-voltage in- 
terlock circuit. 

The sensitive switch in timer M1, 
once actuated, remains in the actuated 
position until the solenoid is deener- 
gized by the removal of power from 
the 5-minute delay timer. When input 
power is removed, the spring-loaded 
lever, operating through an escape- 
ment attached to the shaft of the 
motor, resets the sensitive switch to 
the start position in approximately 3 
seconds. 


23 (U). 15-Minute Delay Timer 7614632 


and Acquisition 5-Minute Delay 
Timer 9142969 


a. General. The 15-minute delay timer de- 
lays the application of high voltage and +320 
volts to the acquisition modulator, thereby de- 
laying the application of high voltage to the 
magnetron. The 15-minute delay period allows 
the magnetron filament to reach proper oper- 
ating temperature before high voltage is ap- 
plied to the magnetron cathode. 

b. Detailed Theory. 


(1) 


Phase A of the 120-volt ac supply, ap- 
plied at connector P1-14 (fig. 30, TM 
9-1430-257-20) is rectified by half- 
wave selenium rectifier CR1. The rec- 
tified voltage, after being filtered by 
resistor Rl and capacitor C1, ener- 
gizes start relay K1. Energizing K1 
completes acquisition high-voltage in- 
terlock and indicator circuits and also 
starts the delay period by energizing 
timing motor B1 and escape solenoid 
K8. Contacts 5-11 of K1 close, com- 


(2) 


(3) 


TM 9-1430--250-35 


pleting a portion of the acquisition 
high-voltage interlock circuit. Con- 
tacts 4-10 of K1 close, completing the 
circuit to the HIGH VOLTS PRE- 
HEAT indicator lamp on the acquisi- 
tion power control panel. Contacts 2-9 
close, completing the ground circuit 
of the —28-volt supply to Bl and K3. 
The ground connection to Bl is made 
through the movable arm of normally 
closed sensitive switch $1. 

Escape solenoid K3, when energized, 
acts as an electromagnetic clutch to 
establish the mechanical drive he- 
tween Bl and $1. Motor B1 is geared 
down. A spring-loaded lever, mounted 
on the shaft of Bl, is driven for 15 
minutes through an angular rotation 
to actuate S1. In the actuated posi- 
tion, S1 deenergizes Bl and com- 
pletes the ground circuit of the —28- 
volt supply to energize end relay K2. 
Energizing K2 marks the end of the 
15-minute delay period which began 
when Kl was energized. Contacts 
5-11 of K2 close, completing the cir- 
euit controlling the application of ac- 
quisition high voltage. Contacts 7-12 
close applying —28 volts to the HIGH 
VOLTS READY indicator lamp on 
the acquisition power control panel. 
Other contacts of K2 complete the 
circuit for the application of +320 
volts to the acquisition trigger ampli- 
fier of the acquisition modulator. The 
path through the 15-minute delay 
timer for the +320 volts is from ter- 
minal 6 of connector P1 through con- 
tacts 2, 9, 4, and 10 of K2 through the 
heating element of thermal overload 
relay K4 to terminal 8 of connector 
Pi 

The heater element across terminals 
2-3 of K4 is in series with the +320- 
volt plate supply to the acquisition 
trigger amplifier. When excessive cur- 
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rent is drawn by the acquisition. 
trigger amplifier, the heater 
element of K4 causes the bi- 
metallic contacts across ter- 
minals 5 and 7 of K4 to open 
the acquisition high-voltage in- 
terlock circuit. 

(4) Sensitive switch S1, once actu- 
ated, remains in the actuated 
position until escape solenoid 
K3 is deenergized by the re- 
moval of power from the 15- 
minute delay timer. When input 
power is removed, the spring- 
loaded lever, operating through 
an escapement attached to the 
shaft of motor Bl, resets sen- 
sitive switch Si to the start 
position in approximately 3 sec- 
onds, 

ce, Acquisition 5-Minute Delay Timer- 
9142969. 

(1) Beginning with system 1287, 
acquisition 5-minute delay tim- 
er ~ 9142969 replaces 15-min- 
ute delay timer - 7614632 in 
order to reduce warm up time 
of the acquisition radar, The 
acquisition 5-minute delay tim- 
er ~ 9142969, uses a different 
timer unit requiring differences 
in its associated circuitry. The 
theory of the 15-minute delay 
timer covered in paragraphs a, 
b, and ¢ applies for the acqui- 
sition 5-minute delay timer with 
substitution of 5-minute delay 
time for 15-minute delay time 
throughout the discussion, Other 
differences are discussed in (2) 
through (6) below. 

(2) Phase A of the 120-volt sup- 
ply applied to rectifier CR1 
(fig. 30.1, TM 9-1430-257-20) 
through connector P1-14,is also 
applied to terminal 1 of timing 
motor Bl, 

(3) With sensitive switch S31 in the 
open position, closed contacts 
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2 and 9 of energized start re- 
Jay Kl completes ground to 
escape solenoid relay K3 only, 

{4) The ground connection to Bl 
is made from connector P1-15 
through contacts 10 and 3 of 
deenergized K2 and through the 
contacts of energized K3. 

(5) Energized K2 breaks the ground 
applied through contacts 3 and 
10 to Bl, ending the 5-minute 
delay period which began when 
Ki was energized. 

(6) The path through the 5-minute 
delay timer for the +320 volts 
is from terminal 6 of connector 
Pi through contacts 2 and 9 
of K2 through the heating ele-~ 
ment of thermal overload re- 
lay K4 to terminal 8 of con- 
nector Pi, 


24. (U) +320V or +220V Power Supply 
9140697 

a. General, The +320v or +220v pow- 
er supply consists of two channels which 
are interconnected or strapped to pro- 
vide various regulated dc voltages for 
use in the acquisition radar system. 
The three optional methods for strapping 
the power supply are shown as A, B, 
and C, When strapping method A is 
used, the power supply provides outputs 
of +320 volts and -320 volts. When 
strapping method B is used, the power 
supply provides outputs of +220 volts, 
+70 volts, and -250 volts. When strap- 
ping method C is used, the power sup- 
ply provides two +320-volt outputs. Each 
channel of the power supply contains 
a full-wave thyratron-rectifier stage and 
a driver (regulator) stage, 

b, Detailed Theory, 

(1) Power supply strapped to pro- 
duce two +320-volt outputs (C- 
strapping), 

(a) The input to the power sup- 
ply is furnished by the 3- 
phase, 400-cps power line, 
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Phase A enters at connector 
Ji-A (fig. 31, TM 9-1430- 
257-20); phase B enters at 
J1-B; phase C enters at Ji- 
K and L; and neutral enters 
at J1-C and J, Phase A to 
Phase C applies 208 volts ac to 
the primary winding of grid 
transformer T2; phase B to 
neutral applies 120 volts ac 
to the primary winding of 
plate transformer T1; and 
phase C to neutral applies 
120 volts ac to the primary 
winding of filament trans- 
former T3. Phase B is de- 
layed externally for approx- 
imately 20 seconds to allow 
the filaments of rectifiers 
V10, V11, V30, and V31 to 
become heated before voltage 
is applied to the plates, Ap- 
plying plate voltage before the 
cathode is heated to emission 
can result in pieces literally 
being pulled out of the cath- 
ode, When the power supply 
reaches proper operating 
temperature, thermostatic 
switch S1 operates and starts 
blower motor B1, Bl main- 
tains the temperature of the 
power supply within the op- 
erating range, Capacitor C42 
prevents pitting or burning of 
the contacts of S1. The chan- 
nel containing rectifiers V10 
and V1l and drivers V12A 
and Vi2B is referred to as 
channel A, The channel con- 
taining rectifiers V30 and 
V81, reference V33, and 
drivers V32A and V32B is 
referred to as channel B. 
In channel A, terminal 4 of 
T1 is connected to circuit 
ground through inductor L12 
and connector J1-P. A sinus- 
oidal 450 volts is applied to 


Cl 


the plates of V10 and Vil 
from terminals 3 and 5 of Tl. 
A sinusoidal 21 volts is ap- 
plied to the grids from ter- 
minals 3 and 5 of T2. The 
sinusoidal voltage on the grids 
lags the sinusoidal voltage on 
the plates by 90° because of 
the phase difference in the 
sources supplying power to 
T2 and T1, respectively. Also 
present on the grids is ade 
voltage applied from the plate 
of driver (regulator) V12B 
through terminal 4 of T2. 
Thus, the dynamic grid volt- 
age for V10 and V1l1 is a 
composite voltage, one part 
of which is the 400-cps sine- 
wave signal from T2, and the 
other part of which is the dc 
voltage from the plate of 
V12B, The d¢ voltage from 
the plate of V12B varies in- 
versely with changes in chan- 
nel A output voltage, thereby 
either raising or lowering 
the level of the sine-wave sig- 
nal on the grids of V10 and 
Vil, Since V10 and V11 are 
gas-filled thyratron tubes, the 
grids control the start of 
conduction. Conduction starts 
when the plate is positive and 
a critical value of grid volt- 
age is reached. Figure 15 
indicates that if the level of 
the sine wave on the grids 
were raised to a greater ex- 
tent than shown, the grid volt- 
age would cross the conduc- 
tion curve earlier inthe posi- 
tive half-cycle of plate volt- 
age and make the period of 
rectifier conduction longer. 
Conversely, if the level of 
the sine wave on the grids 
were lowered, the grid volt- 
age would cross the conduc- 
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tion curve later than shown 
in the half-cycle and make 
the period of rectifier con- 
duction shorter. After con- 
duction starts, the grid volt~ 
age exercises no control, and 
plate current is determined 
by plate voltage. Plate cur- 
rent continues to flow until 
plate voltage drops below the 
positive value necessary to 
maintain ionization of the gas 
in the tube. The de charge 
built up across filter capac- 
itors C14 and C17 as a re- 
sult of thyratron rectification 
is directly proportional tothe 
period of rectifier conduction, 
The capacitors, in conjunc- 
tion with inductor L13, form 
a capacitor-input pi-type fil- 
ter for reducing ripple in the 
de output of the rectifiers, 
Resistors Rll and R12 limit 
the grid current of V10 and 
V11, respectively. Inductors 
L10 and L11 in the plate cir- 
cuit of V10 and V11, respec- 
tively, and the two networks 
(R10, C10, C12 and R13, C13, 
C12) in the plate-to-cathede 
circuit of V10 and V11, re- 
spectively, suppress noise 
voltages inherent inthyratron 
operation, Inductor L12 sup- 
presses undesirable fre~ 
quencies which might origi~ 
nate in the unit powered by 
the power supply. 


{c) Driver V12B controls the 
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period of conduction of rec- 
tifiers V10 and Vi11 and, 
thereby, regulates the +320- 
volt output of channel A. Only 
one section of dual-triode tube 
Vil2 is used. Driver V12B 
senses any change in the de 
output voltage of channel A 
and applies the change, in 
amplified and inverted form, 
to the grids of V10 and V11, 
The grid of V12B is con- 
nected to V ADJ SEC 1 (4) 
variable resistor R22, Var- 
jable resistor R22 is part of 
a voltage divider consisting 
of R21, R22, and R23, (Re~ 
sistors R24 and R25 are not 
included in the circuit for 
strapping method C.) The 
voltage divider is connected 
between the +320-volt output 
{connector J1-D) and the reg- 
ulated input reference of -250 
volts (connector J1-F). Vari- 
able resistor R22 is adjusted 
to obtain an output of +320 
volts at connector Ji-D, Due 
to the voltage divider, the 
grid of V12B is slightly neg- 
ative with respect tothe cath- 
ode. To illustrate the regula- 
tion provided by Vi2B, sup- 
pose a change in external 
load requirements causes 
channel A output voltage to 
decrease from +320 volts to 
+317 volts. Because of the 
voltage ~ divider arrange- 
ment, slightly less than half of 
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Figure 18. (UW) Control of rectifier conduction. 
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this voltage change appears at the grid 
of V12B. Since the channel output 
voltage is decreased by 3 volts, the grid 
of V12B becomes approximately 1.5 
volts more negative. A more negative 
grid reduces current flow through 
V12B, causing the plate potential of 
V12B to rise or become more positive. 
Since the plate of V12B is connected to 
the grids of V10 and V11 through 
terminal 4 of T2, there is a rise in the 
de voltage on the grids of V10 and 
Vil. Thus, the period of conduction 
of V10 and V11 increases and returns 
the output voltage of channel A to the 
original value of +3820 volts. Con- 
versely, if channel A output voltage 
tends to rise above the +320-volt value, 
the grid of V12B becomes more posi- 
tive and causes an increase in the cur- 
rent flow through V12B, The plate 
potential of V12B drops, causing de 
voltage on the grids of V10 and V11 
to decrease. Therefore, the period of 
conduction of V10 and V11 decreases 
to return the output voltage of channel 
A to the desired +320-volt level. 


(d) Crystal diodes CRiO and CR11, with 


center-tapped winding 9-10-11 of T1, 
comprise a full-wave rectifier circuit 
which provides an additional +25 volts 
of plate voltage for VI2B. This addi- 
tional voltage allows the grids of V10 
and V11 to go more positive than the 
cathodes, permitting regulatory action 
over a wider range when the channel 
output voltage tends to decrease. To 
illustrate the need for the additional 
+25 volts, assume that the top of plate 
load resistor R20 is connected to the 
channel output at J1-D instead of 
being connected to CR10 and CR11. 
With V12B conducting, there would 
then be some voltage dropped across 
R20, and the grids of V10 and V11 
would be at some negative potential 
with respect to their cathodes. If the 
channel output voltage were to decrease 


(e) 


sufficiently to increase the negative bias 
voltage on the grid of V12B to plate 
current cutoff, the plate voltage of 
V12B could rise only to the value of 
the channel output voltage. Conse- 
quently, the grids of V10 and Vil could 
never go positive with respect to their 
cathodes, and an adequate range of 
regulation for decreases in channel out- 
put voltage could not be realized. Ca- 
pacitor C15 and resistor R20 constitute 
an RC filter for the voltage from CR10 
and CR11. Capacitor C16 is connected 
from the plate to the grid of V12B to 
prevent random fluctuations in channel 
output voltage from operating the reg- 
ulation circuit. Resistor R19 prevents 
oscillations in V12B. 

Channel B is identical to channel A ex- 
cept for the driver (regulator) stage. 
The driver stage in channel B employs 
both sections of a dual triode, V32. 
Driver V32B controls regulation of the 
+320-volt output of channel B in the 
game manner as described for V12B of 
channel A. Driver V32A is cathode 
coupled to V32B. The grid of V32A 
is connected to circuit ground through 
resistor R35 and the parallel combina- 
tion of resistors R34 and R47. Refer- 
ence V33, shunted across the parallel 
combination of resistors R34 and R47, 
remains deionized and has no function 
in this particular application of the 
power supply. The cathodes of V82A 
and V32B are connected to the junction 
of resistors R36 and R37 on a voltage 
divider composed of R36, R37, and re- 
sistor R38, The voltage divider is con- 
nected between circuit ground (J2-C) 
and the externally supplied —250-volt 
reference input (J2-T). The cathode 
voltage of V32A and V32B is deter- 
mined by the voltage divider and the 
total current through both V32A and 
V32B. The purpose of V32A is to keep 
the total current through V32A and 
V32B constant, thereby maintaining 
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the cathodes of V82A and V32B at a 
constant potential. If V82A were not 
included in the circuit, changes in cur- 
rent through V32B would produce 
changes in the cathode potential of 
‘V82B. If this were the case, the volt- 
age at the cathode of V32B could not 
serve as reference for output voltage 
changes sensed by the grid of V32B. 
Due to the cathode coupling between 
V32A and V32B, a change in current 
through V32B causes an equal but in- 
verse change in the current through 
Va2A. As a result, the total current 
through V82A and V32B remains con- 
stant. In strapping method C, just de- 
scribed, resistors R44 and R46 are not 
connected to the power supply circuit. 


(2) Power supply strapped to produce + 220- 


volt, +70-volt, and —250-volt outputs 
(B-strapping). 


(a) The theory of the power supply 


strapped to produce a +220-volt, a 
+70-volt, and a —250-volt output (B- 
strapping) is similar to that of the 
power supply strapped for two +320- 
volt outputs (C-strapping). 


(6) Channel A produces the +220-volt out- 


put. Channel B, when used in con- 
junction with an external regulator 
circuit, produces the +70-volt and 
—250-volt outputs. 

In channel A, the only change from C- 
strapping is in the grid circuit of 
driver V12B. Strapping to produce a 
+220-volt output adds resistors R24 
and R25 in series with resistors R21, 
R22, and R23, The addition of resis- 
tors R24 and R25 permits the grid volt- 
age of V12B to be set at a more posi- 
tive value by means of V ADJ SEC 1 
(+) variable resistor R22. As a re- 
sult, the plate voltage of V12B is lower 
than in C-strapping. The lower plate 
voltage of V12B shortens the period 
of conduction of V10 and V11, thus 
causing the output of channel A to be 
+220 volts. Driver V12B is refer- 


enced by the —250 volts developed in 
channel B. 


(d) Channel B is externally connected toa 


— 250, +250, or +150-volt regulator at 
connectors JI-H and G. Inthe absence 
of the externally connected regulator, 
channel B would develop a +320-volt. 
output between JI-H and G. How- 
ever, such an output would be floating 
or unreferenced to cireuit ground. 
The regulator effectively connects a 
voltage divider, grounded at some 
point, across JI-H and G. A ground 
reference is established at a point on 
the effective voltage divider, which 
causes +70 volts to appear at J1-H 
and —250 volts to appear at J1-G. 
The —250 volts at J1-G is held con- 
stant by the action of the external reg- 
ulator and is used to reference the 
driver (regulator) stage in each chan- 
nel of the power supply. The +70 
volts at J1-H is adjusted by V ADJ 
SEC 2 (— or +) variable resistor R42. | 
Resistor R34 and V33 comprise a volt- 
age divider connected between the +70- 
volt output terminal and the —250-volt. 
output terminal. The constant 150- 
volt drop across V33 fixes a constant. 
—100 volts on the grid of V82A. The 
cathodes of V32A and V382B are con- 
nected to the ~—250-volt reference 
through resistor R87. The cathode 
voltage is derived from the difference 
between the —250-volt reference and 
the voltage dropped across resistor R37. 
The voltage drop across resistor R37 is 
held constant by the constant current 
through V32A and V32B. Since the 
—250-yolt reference and the voltage 
across resistor R87 are constant, it fol- 
lows that the cathode voltage of V32A 
and V32B is also of constant value. 
The constant potential at the cathodes 
of V32A and V32B is used to reference 
output voltage changes that are sensed 
by the grid of V32B. Resistor R47 is 
connected across V33 to protect V82A 
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and V32B during maintenance pro- 
cedures involving the removal of 
V38 from its tube socket. Because 
of the manner in which the cireuit 
is wired, resistor R34 is automatic- 
ally disconnected when V33 is re- 
moved from the tube socket. There- 
fore, were it not for the action of 
resistor R47, the grid of V32A 
would be left floating and possible 
damage to the power supply could 
result. Resistor R47 returns the 
grid of V32A to —250 volts when 
V33 is removed from the tube 
socket, thus preventing excessive 
current from being drawn through 
V32A. In B-strapping, resistors 
R36 and R38 are not connected to 
the power supply circuit. 


(3) Power supply strapped to produce a 


+320-volt and a —320-volt output (A- 
strapping). 

(a) The theory of the power supply 
strapped to produce a +320-volt 
and a —820-volt output (A-strap- 
ping) is similar to that of the 
power supply strapped for a +220- 
volt, a +70-volt, and a —250-volt 
output (B-strapping). 

(6) Channel A produces the +-320-volt 
output; channel B produces the 
—820-volt output. Strapping in 
channel B grounds connector J2-F, 
thereby grounding the filament 
cathodes of rectifiers V30 and V31. 
Circuit ground is thus made com- 
mon to both the +320-volt and 
—820-volt circuits. Since circuit 
ground cannot vary, it provides a 
stable reference for each channel. 

(e) In channel A, the voltage divider 
composed of resistors R21, R22, 
R28, and R24 is connected between 
the +820-volt output and the 
—820-volt output of the power sup- 
ply. This voltage divider provides 
the proper bias for the grid of 
driver V12B. The V ADJ SEC 1 
(+) variable resistor, R22, is ad- 
justed to provide a +320-volt out- 
put at J1-D. 
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(d) In channel B, resistor R34 and V33 


are connected in series across the 
—820-volt output of the channel. 
Since the drop across V33 cannot 
change, a change in the —320-volt 
output will be developed across re- 
sistor R34 and be felt on the grid 
of V32A. The cathodes of V32A and 
V32B will follow the grid voltage 
change of V832A and alter conduc- 
tion in V32B to the extent neces- 
sary for returning the output to 
—820 volts. A change in the —320- 
volt output also appears on the 
grid of V32B through voltage di- 
viding resistors R41, R42, R43, and 
R44. The change in voltage on the 
grid of V32B opposes the action of 
the change in voltage at the cath- 
ode of V32B. However, the change 
in voltage at the grid of V32B, due 
to the divider action, is proportion- 
ately less than the change in volt- 
age felt on the cathode. Consequent- 
ly, the cathode voltage change is 
more effective in controlling cur- 
rent flow through V32B. To illu- 
strate this, assume that the output 
voltage of channel B goes to —322 
volts. The grid of V82A becomes 2 
volts more negative by the change 
felt across resistor R34. The cath- 
odes of V32A and V32B follow the 
grid voltage of V32A. This causes 
V32B to increase conduction, re- 
sulting in a greater drop across 
load resistor R40. The drop across 
R40 is used to decrease the conduc- 
tion time of V30 and V31 and there- 
by to restore the channel output to 
—820 volts. When the output volt- 
age of the channel changes to —322 
volts, the 2-volt change in output 
causes the grid of V32B to feel a 
voltage change of somewhat less 
than 1 volt. This change on the grid 
tends to decrease current flow 
through V82B. However, since the 
voltage change on the cathode at 
this time is more than twice as 
large as that on the grid, the cath- 
ode voltage will overcome the effect 
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of the grid voltage. Resistors R25 
and R38 are shorted out and play 
no part in circuit operation. 

(e) When adjusting the power supply 
strapped for A-strapping, channel 
B should be adjusted before chan- 
nel A, This is necessary because 
channel B supplies the —320 volts 
required for obtaining the proper 
bias for V12B, Therefore, V ADJ 
SEC 2 (— or +) variable resistor 
R42 must be adjusted to provide a 
—$20-volt output from channel B 
before V ADJ SEC 1 (4+) variable 
resistor R22 is adjusted to provide 
a +820-volt output from channel A. 


25. +270V, —28V, and +75V or -+-175V 


Power Supply 8019210 or 9986425 


a. General. The +270v, --28v, and +75v or 
+175v power supply is a 3-channe] circuit 
which supplies unfiltered +270 volts, filtered 
—28 volts, and regulated 4-175 volts to various 
portions of the radar course directing central. 
The +175-volt channel may be connected to 
provide regulated +75 volts in place of the 
regulated +175 volts. 


b. Detailed Theory. 
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(1) +270-volt channel. The +270-volt 


channel is a full-wave voltage rectifier 
employing two thyratron tubes, recti- 
fiers V1 (fig. 32, TM 9-1430-257-20) 
and V2. The control grid of each rec- 
tifier is connected to filaments through 
terminal 4 of filament transformer 
T2. This common connection between 
grids and filaments prevents the grids 
from exercising control, thus permit- 
ting the rectifiers to act as gas diodes. 
The input to the primary winding of 
T2 is 120 volts ac from phase C and 
neutral of the 8-phase, 400-cps power 
line. The input to the primary wind- 
ing of power transformer T1 is 208 
volts ac supplied from phase A to 
phase B of the 3-phase, 400-cps power 
line. The input to T1 is delayed ex- 
ternally for approximately 20 seconds 
to allow the filaments of V1 and V4 
to heat before voltage is applied to 
the plates. Transformer Ti steps up 


ca 


the 208-volt ac input to provide 600 
volts ac across secondary winding 3-5. 
The center tap of the secondary wind- 
ing is grounded to divide the 600 volts 
ac equally between the plates of V1 
and VZ. The 300 volts ac, applied be- 


tween plate and ground of each tube, ° 


is rectified in the conventional man- 
ner. An unfiltered +270-volt output is 
taken from the filaments which ap- 
pear across connectors J1—A and F. 


(2) —28-velt channel. The —28-volt chan- 


nel is a full-wave, selenium, bridge- 
type rectifier. The input to the pri- 
mary winding of power transformer 
T3 is 120 volts ac supplied from phase 
C to neutral of the 3-phase, 400-cps 
power line. Transformer T3 steps 
down the 120-volt ac input to provide 
89 volts ac across secondary winding 
terminals 3 and 8 The secondary 
winding can also be tapped at termi- 
nals 4, 5, 6, and 7 to provide four ad- 
ditional ac voltages ranging from 31 
volts to 37 volts in increments of 2 
volts. Terminal 6 supplies 35 volts ac 


to selenium bridge CR1 through CR4. / 
The selenium bridge rectifies this ac ‘ 


voltage to produce the —28-volt out- 
put of the channel. Inductor L1 and 
capacitor Cl filter the —28-volt out- 
put. Rectifier output fuse F1 protects 
the —28-volt channel, Fuse indicator 
light 11 is a blown fuse indicator as- 
sociated with F1. 


(3) +75-volt or +175-volt channel. 


(a) The +75-volt or +175-volt chan- 
nel, consisting of voltage regulator 
V3 and resistor R1, provides either 
regulated +75 volts or regulated 
+175 volts to the computer or ac- 
quisition radar system, respectively. 
Regulator V8 is a gas-filled triode- 
type regulator connected as a diode. 
The output voltage of the channel 
depends upon the input voltage and 
the input connections. 

(b) When the channel is connected to 
supply +75 volts to the computer, 
a +820-volt input is applied across 
the voltage divider consisting of re- 
sistor R1 and 


CL 


V3. The cathode of V3, in 
this application, is connected 
to circuit ground, The volt- 
age drop across V3 is the 
+75-volt output of the chan- 
nel, Regulator V3 holds the 
+75-volt output constant over 
a fairly wide range of cur- 
rent drawn by the external 
load. 

{c) When the channel is connected 
to supply +175 volts to the 
acquisition radar system, a 
+250-volt input is applied a- 
cross the voltage divider con- 
sisting of V3 and the external 
load. Regulator V3 drops 75 
volts of the +250-volt input. 
The remaining +175 volts, 
which is dropped across the 
external load, represents the 
output of the channel, Resistor 
R1 plays no part in this ap- 
plication of the channel, 


26.(U) ~1000V Power Supply 8519068 

a. General, The -1000v power supply 
is a sealed unit which provides high volt- 
age de for the cathode-ray tube in the 
MTI oscilloscope. The power supply 
contains a power transformer, 32 sili- 
con-diode rectifiers, a filter, and a 
bleeder network, The 32 silicon diodes 
are connected to form a full-wave bridge 
rectifier with eight silicon diodes in 
each leg of the bridge, The filter con- 
sists of one inductor and one capacitor, 
The bleeder network is composed of 
four identical resistors connected in 
series-parallel, 

b, Detailed Theory, Refer to D32, 
figure 25, TM 9-1430-257-20, The input 
to the primary winding of the power 
transformer is 120 volts ac, 400 cps. 
The input is applied across terminals 1 
and 3 of the transformer from phase B 
to neutral of the 3-phase, 400-cps power 
line, An input of 125 volts ac or 115 
volts ac can be substituted across ter- 
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minals 1 and 2 or terminals 1 and 4 
respectively, without affecting the out- 
put voltage, The line voltage is stepped 
up from primary to secondary, and a 
high voltage ac appears across the 
secondary winding of the transformer. 
This voltage is rectified by the silicon 
bridge and filtered by the inductor and 
capacitor, The rectified output appear- 
ing across terminals 5 and 6 of the power 
supply is 1,000 volts dc, Terminal 6 is 
positive with respect to terminal 5, The 
resistive bleeder network discharges the 
capacitor when input voltage to the 
transformer is removed, 


27. (U) +250 or +150 Volt Regulator 
9137641 

a, General, The +250 or +150 volt 
regulator is used with the +320v or +220V 
power supply (par, 24) to provide the 
acquisition radar system with low im- 
pedance plate and bias supply voltages 
of +250 or +150 volts, Two optional 
methods of external connections (strap- 
ping) are used to obtain the desired out- 
put voltage. 

b. Detailed Theory, 


(1) Operation of regulator using 
+250-volt strapping, 

(a) The input voltage of +320 
volts from the +320v or +220v 
power supply is applied to 
connectors Pi1-3 and 5 (fig, 
33, TM 9~1430-257-20), The 
+320 volts is distributed to 
the +320-volt fused circuit 
and to the regulator circuit, 
On the fused circuit the +320- 
volt circuit path is through 
fuse Fl to connectors P1-7 
and 9 where it is distributed 
to the acquisition radar sys- 
tem. Resistor R1 and the 
built-in resistance of fuse 
indicator light Il, which are 
normally bypassed by fuse 
Fl, limit the current flow 
in the +320-volt path when fuse 
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(b) 


Fi opens. The current flow 
through the resistors causes 
fuse indicator light If to il- 
luminate, Inthe regulator cir- 
cuit, the +320 volts is applied 
directly to the plates of series 
voltage regulators V1A, V1B, 
V2A, V2B, V3A, and V3B, 
The regulators, which are in 
series with the input voltage 
and the external load, present 
a constant 70-volt load to the 
input voltage. Dropping this 
70 volts from the -320-volt 
inputs results in a regulated 
+250 volts which are applied 
to connectors Pi-8 and10 and 
to the control bias circuit. 
Capacitor Cl bypasses to 
ground any ac components of 
the output voltage. 

The control bias circuit, com- 
posed of voltage amplifiers 
V4A and V4B and driver V5, 
detects any change in the 
+250 volts, amplifies this 
change, and feeds acorrective 
bias to the grids of the reg- 
ulators, The +250-volt out- 
put is applied through BAL- 
ANCE variable resistor R21 
to terminal 2 of impedance 
network Zl where it is alge- 
praically added to a -250- 
volt reference voltage. The 
reference voltage is applied to 
terminal 4 of Z1 through con- 
nector P1-4 from the +320v 
or +220” power supply, The 
algebraic difference of the 
two voltages is applied from 
terminal 1 of Z1 to the grid 
of V4A as a bias voltage, 
Any ac components are de- 
veloped across C5 and appear 
at the grid of V4A, If the 
+250-volt output increases, 
the resultant voltage at the 
grid of V4A increases, caus- 


cl 


ing V4A to conduct more 
heavily. Resistors R8 and R9 
form a voltage divider which 
determines the plate potential 
of V4A, The increased conduc- 
tion of V4A causes anincrease 
in the voltage drop across 
cathode resistor R12, Since 
the cathodes of V4A and V4B 
are common, the potential 
difference between the plate 
and cathode of V4B decreases, 
causing a decrease inthe con- 
duction of V4B, The RC net- 
work composed of resistor 
R13 and capacitor C2 by- 
passes to ground any sudden 
fluctuation of voltage appear- 
ing at the plate of V4B, Re- 
sistors R10, Ril, R14, and 
R15 form a voltage divider 
which determines the plate 
potential of V4B and the grid 
potential of V5. 

The increased voltage on the 
plate of V4B is coupled by 
the RC network composed of 
resistor R14 and capacitor 
C3 to the grid of V5, The 
increased voltage on the grid 
of V5 causes V5 to conduct 
more heavily, and the voltage 
drop across plate load re- 
sistor R16 is increased, re- 
sulting in a decrease of po- 
tential at the plate of V5. 
The screen grid potential of 
V5 is determined by the volt- 
age divider composed of re- 
sistors R18, R19, and R20, 
The decrease in potential at 
the plate of V5 is coupled by 
resistors R2 through R7 to 
the grids of V1A, V1B, V24, 
V2B, V3A, and V3B, The de- 
crease of potential on the 
grids causes V1A, VIB, V2A, 
V2B, V3A, and V3Btoconduct 
less, and the voltage drop 
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across the regulators increases, The 
increased voltage drop across the 
regulators causes the regulated out- 
put voltage to decrease toward the 
original +250-volt level. The RC net~- 
work composed of resistor R17 and 
capacitor C4 prevents any sudden 
fluctuation of voltage from appearing 
at the grids of the regulators. The 
regulator action reverses when the 
output voltage decreases. 

Operation of regulator using +150- 
volt strapping. The regulator per- 
forms the same circuit functions for 
the +150-volt output as for the 
+250-volt output. A —220-volt input 
voltage from +320v or +220v power 
supply is applied through connectors 
P1-3 and 5 to fuse F1 and the plates 
of the series regulator tubes. The 
-+-150-volt strapping bypasses resis- 
tor R1 in the fused +220-volt circuit 
to compensate for the reduced input 
voltage. The same —250-volt refer- 
ence source is algebraically added to 
the regulator output in impedance 
network Z1. The —250 volts is now 
applied through resistors R22 and 
R28 to terminal 3 of impedance net- 
work Z1 instead of terminals 3 and 4. 
This compensates for the lower regu- 
lation voltage by placing an additional 
resistance in the —250-volt path. The 
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junction between plate load resistors 
R9 and R11 of V4 is removed from 
ground and maintained at a +150- 
volt level. The junction between 
screen dropping resistors R18 and 
R19 is now placed at ground poten- 
tial. These two circuit changes are 
necessary so that the bias voltage on 
the grids of VIA, V1B, V2A, V2B, 
V3A, and V3B is the same for the 
+150-volt regulation, Regulators V1A, 
VIB, V2A, V2B, V8A, and V8B pre- 
sent the same 70-volt load to the in- 
put voltage resulting in +150 volts 
at connectors P1-8, 10, and 12. 
Filament circuit. The filaments of se- 
ries regulators V1A, V1B, V2A, V2B, 
V8A, and V3B are heated by 6.3 volts 
at 17 amperes delivered from the 
parallel-connected secondary wind- 
ings (terminals 3, 4 and 5, 6) of fila- 
ment transformer T1. The filaments 
of V4A, V4B, and V5 are heated by 
6.3 volts at 1.5 amperes delivered from 
the secondary winding (terminals 7-9) 
of filament transformer T1. Terminal 
1 of the primary winding of T1 is con- 
nected to the 120-volt, 400-cps phase C 
voltage source through connector Pl- 
14, Terminal 2 of the primary winding 
of T1 is connected to ac neutral 
through connector P1-15, 
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across V2 places —108 volts on the 
eathode of V1 with respect to 
ground. The voltage divider consist- 
ing of resistors R2, R3, and R23 
establishes a de level of —110 volts 
at the control grid of V1. This pro- 
vides a grid bias of —2 volts. Bypass 
capacitors C2 and C3 prevent tran- 
sients from appearing on the grid 
of Vi and the cathode circuits of 
V1, V2 and V3, respectively. 

(c) If the regulated —250-volt output 


28 (U). —250, +250, or +150 Volt 
Regulator 7620552 
a, General. The —250, +250, or +150 volt 
regulator is used with the +820v or +220v 
power supply (par. 24) to provide the acquisi- 
tion radar system with low impedance plate 
and bias supply voltages of +250, —250, +150, 
and +70 volts. Three optional methods of ex- 
ternal connections (strapping) are used to ob- 
tain the desired output voltage. 


b. Detailed Theory. 
(1) Operation of regulator using —250- 


volt and +70-volt strapping (A- 
strapping). 

(@) The output voltage of +320v volts 
from the +3820v or +220v power 
supply is applied between connec- 
tors P1-8 and 2 (fig. 34, TM 
9-1430-257-20) to the plates of se- 
ries regulators V4A, V4B, V5A, 
and V5B. The regulators and cath- 
ode resistors R13 through R16 are 
eonnected in series with the input 
voltage and the external load and 
present a constant 70-volt load to 
the input voltage. The regulating 
control circuit which is composed 
of input amplifier V1, reference 
tube V2, and driver V8 is connected 
in parallel with the external load. 
When the —250-volt and +-70-volt 
strapping is used, the ground ref- 
erence point (connector P1-6) is 
between the cathode circuit of V4A, 
V4B, V5A, and V5B and the plate 
circuit of V1, V2, and V3. This di- 
vides the +320-volt input into two 
potentials of +70 and —250 volts. 
The +70-volt potential is between 
connectors P1-8 and 4 and the 
—250-volt potential is between con- 
nectors P1-2 and 4. 

{b) The —250-volt regulation is obtained 
by controlling the current How in 
V4A, V4B, V5A, and V5B with the 
grid bias voltage that is coupled 
from the plate of V8. Reference tube 
V2 provides a constant 108-volt drop 
within limits established by current- 
limiting cathode resistors R6 and 
R7 and the current-handling capac- 
ity of the tube. The voltage drop 


increases, the control grid of V1 
becomes more negative, causing the 
current flow through plate load 
resistor R4 to decrease and the 
plate potential to increase. The in- 
erease of potential at the plate of 
V1 is coupled to the grid of driver 
V3 by the RC network composed of 
resistor R5 and capacitor C4 and 
causes grid potential to rise with 
respect to cathode potential. The 
quiescent grid potential of —2 volts 
is determined by the voltage divider 
consisting of resistors R5, R10, and 
R11, and the cathode potential is 
determined by the current flow 
through resistor R8. The increase 
of grid potential causes V3 to con- 
duct more heavily, resulting in an 
increase in current flow through 
plate load resistor R12. This causes 
a decrease in plate potential at the 
plate of V3 which is coupled by re- 
sistors R17, R18, R19, and R20 to 
the grids of V4A, V4B, V5A, and 
V5B, causing the series regulators to 
conduct less. This results in an in- 
erease of plate potential which re- 
turns the output voltage to the 
—250-volt level, In effect, the static 
resistance of V4A, V4B, V5A, and 
V5B has increased to counteract the 
increase in output voltage. An op- 
posite reaction occurs when the out- 
put voltage decreases. Capacitor Cl 
couples to ground any ac components 
in the output voltage. The RC net- 
works composed of resistor R21, 
capacitor C6, and resistor R9, capa- 
citor C5 in the plate circuits of V3 
and V2, respectively, prevent any 
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sudden change in the output voltage 
from appearing on the grids of V4A, 
V4B, V5A, and VSB and the cath- 
ode of V3. 


(2) Operation of regulator using +150- 


volt strapping (B-strapping}. The op- 
eration for the +150-volt strapping of 
the regulator is the same as explained 
for the —250-volt and +70-volt strap- 
ping with the exception that the 
ground reference point has been 
changed from connectors P1-4 and 6 
to connectors P1-2 and 3. The lower 
input voltage of +220 volts received 
at P1-8 and 10 from the +320v or 
+220v power supply is compensated 
for by the 150-volt strapping connec- 
tions which short out resistors R38, R7, 
and R11. Shorting these resistors ad- 
justs the bias requirements of V1 and 
V8 for the application of lower volt- 
age to the plates. Reference V2 estab- 
lishes a potential of approximately 
+42 volts on the cathodes of V1 and 
V3, The voltage divider consisting of 
R23 and R2 maintains the control 
grid of V1 at a potential of +40 volts. 
Thus, the grid of V1 is still 2 volts 
negative with respect to the cathode, 
as it was with the +250-volt and +70- 
volt strapping. Since the bias of V1 is 
the same, the same controlling current 
is conducted through V1 and V3 to the 
control grids of V4A, V4B, V5A, and 
V5B. Regulators V4A, V4B, V5A, and 
V5B and cathode resistors R13 
through R16 form a regulated voltage 
divider maintaining a constant 70-volt 
drop. This 70-volt drop establishes the 
+150-volt output potential between 
Pi-4 and 6 and ground. The regulation 
of the +150 volts is the same as ex- 
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plained for the —250-volt and +70- 
volt operation. 

Operation of regulator using +250- 
volt strapping (C-strapping). Opera- 
tion for the +250-volt strapping of 
the regulator is the same as for the [ 
+150-volt strapping of the regulator \ 
with the exception that resistors R3, 
R7, and R11 are now in the cireuit 
to maintain the bias requirements of 
Vi and V8 for the higher input volt- 
age of +320 volts. The +320 volts is 
received from the +320v or +220v 
power supply at P1-8 and 10. The out- 
put voltage of +250 volts is taken 
from P1-4 and 6. 

Filament civewit. The filaments of 
the —250, +250, or +150 volt regula- 
tor are heated by 6.3 volts at 6 
amperes delivered from the parallel 
connected secondary windings (8, 4 
and 5, 7) of filament transformer T1. 
Terminal 2 of the primary winding of 
T1 is connected to the 120-volt, 400- 
eps phase C voltage source through 
P1-14, Terminal 1 of the primary 
winding of T1 is connected to ac 
neutral through P1i-15, 


29 (U). Acquisition HV Power Supply 


9138109 


a. General. The acquisition HV power sup- 
ply furnished 4000 to 8000 volts at 1 ampere to 
the acquisition modulator. The amplitude of 
this voltage is controlled magnetically through 
an included saturable reactor. 

b, Detailed Theory. 


A 120-volt, 8-phase, 400-cps voltage is 
applied through the series coils of satu- 
rablereactor L1 (fig.44,TM9-1430~257- 
20) to delta-wye-connected transformer 
T1. A variable transformer in the ex- 
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ternal acquisition control-indicator sets 
the input voltage level to transformer T3, 
which in turn controls the level of the de 
voltage applied from full-wave crystal 
bridge rectifier CR1 to winding 7-8 of 
saturable reactor Ll. The de voltage 
across winding 7-8 saturates the cores of 
the other three windings of Ll. The 
greater the dc current flow through wind- 
ing 7-8, the more saturated the cores be- 
come and the lower the effective induct- 
ance of the other windings. This lowers 
the inductance and the voltage that is 
dropped across the windings. As a 
higher voltage is applied to T1, a higher 
de voltage is available from the power 
supply. 

The 3-phase voltage is stepped up by 
transformer T1 and rectified by the action 
of 3-phase full-wave rectifiers V1 through. 
V6. The plates of rectifiers V1, V2, and 
V8 are connected to the respective wind- 
ings of the secondary of T1 (wye portion) 
and to the filaments of counterpart recti- 
fiers V4, V5, and V6. The filaments of V1 
through V6 are energized from the sec- 
ondary of transformer T2. One second- 
ary winding is used for the filaments of 
V1, V2, and V3, since the high voltage is 
taken from this point. Separate wind- 
ings are required for the filaments of V4, 
V5, and V6, since the filaments of these 
tubes are at a different potential with re- 
spect to ground. If the induced second- 
ary voltage is positive at terminal 4 of 
T1 (with respect to terminal 5), electron 
current flows from terminal 5 of T1 
through V4, overcurrent relay K1, re- 
sistors R4, R3, R2, Ri, the power supply 
filter, and V2 to terminal 4 of T1. This 
conduction path shunts the load, and. its 
admittance during no-load conditions is 
very low. With a load applied, the elec- 
tron current path is from ground through 
the load to the junction of resistor R1 
and capacitor O1B, then through induc- 
tor L2 to the filaments of V1, V2, and V3. 
It is only during this load condition that 
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the 1-ampere current potentialities of the 
power supply are utilized. 

The positive high-voltage output of the 
power supply appears between the fila- 
ments of V1, V2, and V3, and ground. 
Because of the high ripple frequency 
(2,400 cps) between these two points, 
very little filtering is necessary, and a 
small filter can be used. Inductor L2 and 
capacitors C1A and C1B form a choke- 
input filter for the rectifiers. Resistors 
R1, R2, and R3 form a voltage divider to 
provide a voltage, proportional to the 
output voltage, for front-panel metering. 
These resistors also serve as a bleeder net- 
work for the power supply to discharge 
the filter capacitors when the input power 
is removed. Overcurrent relay K1 pro- 
vides overload protection for the power 
supply by opening an interlock circuit 
when excessive current is drawn. To 
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capacitors when the cabinet door is 
opened. Protector blocks TY1 and TY2 
are safety devices which minimize the 
effect of sudden voltage changes by a 
compensating change in the resistance of 
the protector block. Resistor R4 shunts 
the external current reading meter. 

Each tube conducts for 120° and remains 
cut off for 240° of the applied voltage. 
However, one tube is cutting on and one 
tube is cutting off every 60°. This results 
in a ripple frequency of 2,400 eps which 
is six times the supply frequency. This 
provides ease in filtering the 4,000- to 
8,000-volt, output. Table IIT shows the 
tubes that conduct various times through- 
out the cycle, 

Figure 16 is a simplified schematic of 
the acquisition HV power supply. 
Figure 17 shows the ac voltages that are 
applied from the secondary of T1 to the 
rectifier tubes. Assume that the ac volt- 
ages are just passing through time t, 
(0°) toward t, (60°), Phase A, con- 
nected to the plate of V3, is more positive 
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Table III, Tubes Conducting During Different Intervals of 
Time 


Interval of time ‘Tube conduction 


Between t; (0°) and tz (60°)_.__ V4 and V3 
Between tz (60°) and ts (120°) V4 and V2 
Between ts (120°) and ts (180°)_ V6 and V2 
Between ts (180°) and ts (240°). V6 and V1 
Between ts (240°) and ts (300°). V5 and V1 
Between t, (300°) and t: (360°)_... 2. --| V5 and V3 


than phase B or ©; and V8 conducts 
carrying current through the load, pro- 
vided either V4, V5, or V6 conducts, 
Phase C, connected to the cathode of V4, 
is more negative than the other two 
phases. Thus, V4 conducts and current 
flows through V4, the load, V3, Tt 
terminals 6 to 5, and back to V4. Tubes 
V3 and V4 continue to conduct until to 
is reached, at which time phase B be- 
comes more positive than phase A. 
Thus, V3 cuts off and V2, the plate of 
which is connected to phase B, conducts. 
Tube V4 continues to conduct. because 
phase C is still more negative than phase 
A or B. Tube V4 continues to conduct 
until t, is reached, at which time phase A 


becomes more negative than phase C. 
Tube V4 cuts off and V6, the cathode of 
which is connected to phase A, conducts. 
Since phase B is still more positive than 
the other two phases, V2 continues to con- 
duct. Thus, from time t, to time t,, V6 
and V2 conduct. At time ts, phase C be- 
comes more positive than phase B. At 
this time V2 cuts off and V1, the plate of 
which is connected to phase C, cuts on, 
Since phase A is still more negative than 
the other two phases, V6 continues to con- 
duct. Thus, from time t, to time ts, V6 
and Vi conduct. At ts, phase B becomes 
more negative than phase A; at this time 
V6 cuts off and V5, the cathode of which 
is connected to phase B, conducts. Phase 
C is still more positive than the other two 
phases; therefore, V1 continues to con- 
duct. Thus, V5 and V1 conduct from 
time t; to time t,. At time t., phase A 
comes more positive than phase ©, V3 
cuts on, and V1 cuts off. Tube V5 con- 
tinues to conduct. Thus, V5 and V3 con- 
duet from time t, totimet, At t;, phase 
C becomes more negative than phase B, 
V5 cuts off, and V4 conducts. Tube V3 
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Figure 16. (U) Acquisition HV power supply—simplified schematic diagram. 
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Figure i?, (U) Voltage applied from TI secondary to rectifiers, 


continues to conduct and the cycle of operating voltage is applied to the cen- 
events is repeated. trifugal fan in the acquisition power sup- 
30. Acquisition Power Control Panel 8513518 Ce acer SER ae 
a. General. The acquisition power control mounted behind the acquisition power 
panel distributes primary power to the acquisition control panel and is normally left in the 
radar system. The unit provides protective fus- ON position. 
ing of the primary power circuits and metering of {8) ACQUISITION POWER switeh 86. 
acquisition power supply voltages, With ACQUISITION POWER switch 
b. Detailed Theory. 86 placed in the ON position, primary 
(1) MAIN POWER switeh S4. With power is distributed to the filament ci 
MAIN POWER switch S¢ (fig. 27, TM cuits, de power supplies, and control cir- 
9-1430-257-20) placed in the ON posi- enits of the acquisition radar system. 
tion, 120-volt, 3-phase, 400-cps primary (4) ACQ MOTORS switch 85, With S6 in 
power is distributed through the acqui- the ON position and ACQ MOTORS 
sition power control panel to the trailer switch $5 placed in the ON position, pri- 
mounted tracking station, computer mary power is distributed to the acquisi- 
power supply group, and various circuits. tion antenna drive motors and antenna 
of the acquisition radar system. blowers. ACQ MOTORS switch $5 is 
(2) EQPT VENT switch 8S? With S4 in mounted behind the acquisition power 
the ON position and EQPT VENT control panel and is normally left in the 
switch ST placed in the ON position, ON position. 
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(5) PLATE VOLTS switch 89, 


PLATE VOLTS~READY indi- 
cator light 131 illuminates ap- 
proximately 20 seconds after 
86 is placed in the ON position 
to indicate that plate voltage 
may be applied to the acquisi- 
tion radar power supplies. The 
20-second delay is furnished by 
the 20-30-second delay timer 
located in the acquisition power 
supply group. Acquisition power 
supply plate voltage is delayed 
to allow the filaments of the 
thyratron rectifiers to heat be- 
fore plate voltage is applied, 
When PLATE VOLTS switch S9 
is placed in the ON position 
131 is extinguished and PLATE 
VOLTS—ON indicator light 132 
is illuminated, Plate volts on 
relays Ki and K2 are energized 
with 89 in the ON position, and 
primary power is applied 
through contacts of Ki to the 
acquisition power supplies, Ca- 
pacitor C2 and resistor R3 sup- 
press transients developed in 
the relay circuit, The 15~minute 
delay timer in the acquisition 
power supply group applies op- 
erating ground to high-voltage 
on relays K3 and K4 15 minutes 
after S6 is placed in the ON 
position, Capacitor Cl and re- 
sistor R2 suppress transients 
developed in the relay circuit, 
HIGH VOLTS—READY indicator 
light 185 illuminates when the 
acquisition HV power supply is 
ready to be energized, The de- 
lay furnished by the 15-minute 
delay timer provides sufficient 
time for the acquisition mag- 
netron filament to heat before 
application of high voltage, With 
K3 and K4 energized, 185 is 
extinguished and HIGH VOLTS— 
ON indicator light I36 is il- 
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luminated. Primary power for 
the acquisition HV power sup- 
ply is applied through contacts 
of energized K3. The noise gen~ 
erator is disabled when K4 is 
energized, The +1550-volt re~ 
lay K5 is also energized at 
the termination of the 15-minute 
delay period to apply primary 
power to the acquisition PPI 
HV power supply. Varistor 
CRIA protects K5 from over- 
voltage and contact arcing. High 
VOLTS — PREHEAT indicator 
light 133 illuminates when pri- 
mary power is applied to the 
acquisition radar system fila- 
ment circuits, and HIGH 
VOLTS—HOT indicator light 134 
illuminates when the acquisi- 
tion radar system filaments be- 
come sufficiently heated for safe 
operation, 

INTLK OVERRIDE switch S10, 
INTLK indicator light 180 il- 
luminates to indicate the inter- 
lock switches are operating, 
Interlock switches on equip- 
ment located in the trailer 
mounted director station and 
the battery control console can 
be bypassed by holding INTLK 
OVERRIDE switch $10 intheON 
position, With S10 in the ON 
position, 130 remains illumi- 
nated. Operation of S10 does not 
affect the delay timing circuits 
in the acquisition power supply 
group. 

BATTLE SHORT switch $1. 
Operation of BATTLE SHORT 
switch Sl enenergizes battle 
Short relay K6. With K6 ener- 
gized, all interlock and delay 
timing circuits are bypassed 


to permit immediate applica- 


tion of acquisition power supply 
low voltages, Varistor CRIB 
protects K6 from overvoltage 


ce 


and contact arcing. 

(8) TRACK TRANSMITTER FILA- 
MENTS switch S2, Operation of 
TRACK TRANSMITTER FILA- 
MENTS switch S2 provides —28 volts 
de to the track radars to activate the 
filament circuits. TRACK TRANS- 
MITTER FILAMENT indicator light 
129 illuminates when S2 is placed in 
the ON position. 

(9) PHASE switch 88. PHASE switch S8 
selects the phase of the acquisition 
power control panel line voltage to be 
monitored on LINE VOLTS meter 
M2. ADJUST PHASE C knob (re- 
sistor R1) is adjusted to provide the 
desired voltage for phase C circuits, 
Application of voltage to ADJUST 
PHASE C variable resistor R1 is con- 
trolled by VOLTS ADJ switch S11. 
Switch S11 is mounted behind the 
acquisition power control panel and 
is normally locked in the IN position. 

(10) VOLTS CHECK switch 83. VOLTS 
CHECK switch $8 selects the acquisi- 
tion power supply voltage output to be 
monitored by VOLTS CHECK meter 
M1. Resistors R4 through R24 form 
the meter range multiplier network 
and provide suitable meter ranges for 
voltage indications. 

(11) Blown fuse indicators. All fuses 
mounted on the acquisition power 
control panel have a blown fuse in- 
dicator light to facilitate fuse replace- 
ment and to aid in locating defective 
circuits. 


30.1 (U). Acquisition Power Control Panel 
9144931 

a. General, The acquisition power control 
panel distributes primary power to the acquisi- 
tion radar system. The unit provides protective 
fusing of the primary power circuits and meter- 
ing of acquisition power supply voltages. 

b. Detailed Theory. Acquisition power con- 
trol panel 9144931 (fig. 88, TM 9-1430-257-~ 
20/1) is the same as acquisition power control 
panel 8513518, discussed in paragraph 30, ex- 
cept for the following modifications: 

(1) ACQUISITION POWER switch S6 
is replaced by PRESENTATION 
POWER switch $5. 
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(2) ACQ MOTORS switch S65 is replaced 
by BARBETT AC POWER switch 
86. With PRESENTATION POWER 
switch S5 in the ON position and 
BARBETT AC POWER switch S6 
in the ON position, primary power is 
distributed to the LOPAR antenna- 
receiver-transmitter group. To supply 
de to the acquisition antenna-receiver- 
transmitter group, it is necessary to 
operate BARBETT DC switch $12 
to the ON position. This switch ener- 
gizes associated relays in the LOPAR 
relay assembly, which pass the de 
voltage. 


31 (U). Trigger Pulse Amplifier 9136410 
a. General. The trigger pulse amplifier has 
two functions. One function provides a trigger 
pulse for the IFF transponder. The second fune- 
tion provides interference suppression for re- 
ceived signals. 
b. Detailed Theory. 
(1) Trigger pulse circuit. 
(a) The trigger pulse circuit (fig. 44.1, 
TM 9-1430-257-20) is made up 
of electron tube V6 and associated 
circuits. During quiescence, —23 
volts is developed across resistor 
R47 of the voltage divider consist- 
ing of resistors R47, R46, and R53 
between ground and —250 volts. 
This bias voltage keeps the input 
side of pulser V6 cut off. A second 
bias voltage of —28 volts is de- 
veloped across resistor R51 of the 
voltage divider consisting of re- 
sistors R51, R52, and R53 between 
ground and —250 volts. This bias 
voltage keeps the output side of V6 
cut off. During pulse time, a pre- 
knock pulse of l-microsecond dura- 
tion and 20- to 40-volt amplitude is 
coupled through connector J8 and 
capacitor C19 to the grid on the 
input side of V6. The amplitude of 
the pulse overcomes the bias, caus- 
ing the input side to conduct. 
(6) When the input side of V6 con- 
ducts, plate current is drawn 
through winding 2-1 of pulse 
transformer T1. In turn, a voltage 
is induced in winding 4-3 having 
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a positive polarity at terminal 3. 
This voltage is applied to the con- 
trol grid on the output side of V6 
and drives the output side into 
conduction. This causes more ecur- 
rent to flow in winding 2-1 of T1 
and produces a higher positive volt- 
age at terminal 3. The grid goes 
more positive, and more plate cur- 
rent flows. This action continues at 
a rapid rate until grid current flows 
and saturation is reached. The grid 
current changes capacitor C20 to a 
value more positive than before. At 
saturation, the current through 
winding 2-1 becomes constant and 
no voltage is induced at terminal 3 
of T1. Since no positive voltage is 
coupled to the grid except the 
change in capacitor C20, the bias 
quickly asserts itself, driving the 
grid toward cutoff. Plate current 
decreases and the magnetic field in 
T1 begins to collapse. This induces 
a negative potential at terminal 3 
which aids the fixed bias in driving 
the grid more negative. The plate 
current continues to decrease, in- 
ducing an even more negative po- 
tential at terminal 3 and the grid. 
This action continues until the tube 
is cut off. The fixed bias then holds 
the tube cut off until the next input 
pulse. Capacitor C17 and resistor 
R50 and capacitor C16 and R53 are 
decoupling networks to keep the 
trigger pulse out of the +250-volt 
and —250-volt power supplies. Ca- 
pacitor C15 and resistor R45 make 
up a decoupling network to keep 
signals out of the +156-volt power 
supplies. 

The circuit constants of the trigger 
pulse circuit are chosen so that tube 
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current through cathode resistors 
R48 and R49 produces an output 
pulse identical to the preknock pulse 
if output connector J9 is termi- 
nated with a 75-ohm load. This 
pulse is coincident with, but elec- 
trically isolated from, the preknock 
pulse. 


(2) Interference suppression circuits. 


(a) 


(b) 


When interference suppressor re- 
lay K1 is not energized, bypass 
video enters the assembly at con- 
nector J3, passes through contacts 
10-3 and 1-9 of relay K1, and leaves 
the assembly at connector J4. MTI 
video enters at J5, passes through 
contacts 12-8 and 6-11 of K1, and 
leaves the assembly at connector J6. 


When INT SPR switch $20 on the 
acquisition control-indicator is op- 
erated, relay K1 on the trigger 
pulse amplifier operates. When K1 
operates, the bypass video from J3 
passes through contacts 10-4 of 
relay Ki and is terminated in re- 
sistor R37. Interference suppressor 
(IS) video from the trigger pulse 
amplifier passes through contacts 
2-9 of K1 and leaves the assembly 
at J4, Thus IS video is substituted 
for bypass video in the presenta- 
tion system. MTI video from J5 is 
applied through contacts 12-7 of 
K1 to a coincidence circuit, and the 
MTI video which is in coincidence 
with the IS video is passed through 
the assembly at J6. This video re- 
places the MTI video in the pres- 
entation systems. The outputs of 
the trigger pulse amplifier which 
replace the bypass video and 
MTI video will hereafter be iden- 
tified as IS (interference suppres- 
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sor) video and MTI-IS video, 
respectively, 

The IS circuit is a coinci- 
dence circuit which com- 
pares the content of the de- 
lay and non-delay videochan- 
nels and rejects any infor- 
mation which is not in both 
channels, Any interference 
which occurs during one pulse 
repetition period but not in 
the next is rejected, 
Composite non-delay video, 
consisting of a positive pre- 
knock pulse followed by a 
negative test pulse and neg- 
ative video, is applied at con- 
nector J2, coupled through ca- 
pacitor C2, developed across 
resistor R5,andimpressed on 
the grid of video amplifier 
V2B, The positive preknock 
pulse is shunted to ground by 
diode CR2, The negative test 
pulse and negative video are 
amplified and inverted by 
V2B, developed across plate 
resistor R6, and coupled 
through capacitor C5 to the 
control grid of coincidence 
amplifier V3 as _ positive 
pulses, developed across re- 
sistor R24, Bias for the con- 
trol grid of V3 is developed 
across the voltage divider 
made up of resistor R20, var~ 
iable resistor R18, and resis- 
tor R15 between ground and 
-250 volts, 

Composite delay video, con- 
sisting of a negative preknock 
pulse followed by a positive 
test pulse and positive video, 
is applied at connector J1, 
coupled through capacitor C1, 
developed across resistor R1, 
and impressed on the grid of 
video amplifier V1A, The neg- 
ative preknock pulse is 
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shunted to ground by diode 
CR1, The positive test pulse 
and positive video are ampli- 
fied and inverted by VIA, 
coupled through capacitor C4, 
developed across resistor 
R11, and impressed on the 
grid of video amplifier V2A, 
The signal is amplified and 
inverted by V2A, coupled 
through capacitor C7, devel- 
oped across resistor R23, 
and impressed on the sup- 
pressor grid of coincidence 
amplifier V3 as a positive 
test pulse and positive video. 
Bias for the suppressor grid 
is developed across the volt~ 
age divider made up of vari- 
able resistor R16 and resis- 
tor Ri4 between ground and 
-250 volts. Resistor R26 is 
the screen dropping resistor, 
and capacitor C12 is the 
screen bypass. 

If the signals on the con- 
trol grid and suppressor grid 
of V3 are positive and coin- 
cident, V3 produces a nega- 
tive output. If the signals are 
not positive and coincident, 
V3 remains cut off, The neg- 
ative output pulses from V3 
are coupled through capac- 
itor C8, developed acrossre~ 
sistor R30, and applied to 
the grid of paraphase am-~ 
plifier V1B through parasitic 
suppressor resistor R44. 
Amplifier V1B is biased on 
by +16.5 volts developed a- 
cross the voltage divider con- 
sisting of resistors R32 and 
R31 between ground and +150 
volts. Diode CR4 clamps the 
grid of V1B to a potential 
not greater than +16.5 volts. 
Negative signals on the grid 
of V1B produce positive sig- 
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nals at the plate and negative 
signals at the cathode. The 
positive signals from the plate 
are coupled through capac- 
itor C10, developed across 
resistor R22, and applied to 
the suppressor grid of coin- 
cidence amplifier V5. Nega~ 
tive signals at the cathode of 
V1B are coupled through ca~ 
pacitor C18, developedacross 
resistor R35, and applied to 
connector J4 through contacts 
2-9 of relay K1, The IS video 
output at J4 is used to drive 
the bypass video circuits in 
the presentation system, A 
second negative output is 
taken from the junction of 
VIB cathode resistors R36 
and R34 and coupled through 
capacitor C14 to the BY-~ 
PASS side of MTI - BYPASS 
switch S1. When S1 is oper~- 
ated to BYPASS the IS video 
is applied to test connector 
J7. 

The MTI - IS coincidence 
circuit uses MTI video and 
IS video to produce an out- 
put free of random interfer- 
ence and stationary object 
video. MTI video from con- 
nector J5 passes through con- 
tact 12-7 of relay K1 and is 
developed across resistor R8. 
Diode CR3 shunts any posi- 
tive video to ground, and the 
negative video is applied to 
the grid of video amplifier 
V4A. The signal is amplified 
and inverted by V4A, coupled 
through capacitor C6, devel- 
oped across resistor R21, and 
applied to the control grid of 
coincidence amplifier V5 as 
positive video. Bias for the 
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control grid is developed a- 
cross the voltage divider con- 
sisting of resistor R20, vari- 
able resistor R19, and resis- 
tor R15 between ground and 
-250 volts. Bias for the sup- 
pressor grid is developed a- 
cross the voltage divider con- 
sisting of variable resistor 
R17 and resistor R14between 
ground and -250 volts. Re- 
sistor R29 and capacitor C13 
are the screen dropping re~ 
sistor and screen bypass, re- 
spectively. 

if the MTI video pulses at 
the control grid and IS video 
pulses at the suppressor grid 
of V5 are positive and coin- 
cident, V5 produces negative 
signals which are coupled 
through capacitor C9, devel- 
oped across resistor R38, and 
coupled through parasitic 
suppressor resistor R40 to 
the grid of video amplifier 
V4B, V4B is biased on by +10 
volts developed across the 
voltage divider consisting of 
resistors R43 and R39 bez 
tween ground and +150 yolts, 
Diode CR5 clamps the grid of 
V4B to a potential not greater 
than +10 volts. Negative sig- 
nals on the grid of V4B pro~ 
duce negative signals at the 
cathode. These signals are 
coupled through capacitor 
C11, developed across re- 
sistor R42, and applied to the 
MT! side of MTI - BYPASS 
switch Sl and through con- 
tacts 5-11 of relay K1 tocon- 
nector J6. The negative MTI 
- IS video at J6 replaces the 
MTI video in the presentation 
system, 
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31.1 (U). Interference Suppressor Pulse 


a. General. 


Amplifier-Generator 9160170 
The interference suppressor 


pulse amplifier-generator has two functions. 
One function provides a trigger pulse for the 
IFF transponder. The second function provides 
interference suppression for received signals. 
b. Detailed Theory. 
(1) Trigger pulse circuit. 
(a) The trigger pulse circuit (fig. 44.1, 
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TM 9-1430-257-20/1) is made up 
of pulser V6 and associated circuits. 
During quiescence, —28 volts is de- 
veloped across resistor R47 of the 
voltage divider consisting of re- 
sistors R47, R46, and R53 between 
ground and —250 volts. This bias 
voltage keeps the input side of 
pulser V6 cut off. A second bias volt- 
age of —-23 volts is developed across 
resistor R51 of the voltage divider 
consisting of resistors R51, R52, 
and R53 between ground and —250 
volts. This bias voltage keeps the 
output side of V6 cut off. During 
pulse time, a preknock pulse of 1- 
microsecond duration and 20 to 40- 
volt amplitude is coupled through 
connector J8 and capacitor C19 to 
the grid on the input side of V6. 
The amplitude of the pulse over- 
comes the bias, causing the input 
side to conduct. 

When the input side of V6 con- 
ducts, plate current is drawn 
through winding 2-1 of pulse 
transformer T1. In turn, a voltage 
is induced in winding 4-3 having 
a positive polarity at terminal 3. 
This voltage is applied to the con- 
trol grid on the output side of V6 
and drives the output side into 
conduction. This causes more cur- 
rent to flow in winding 2-1 of Ti 
and produces a higher positive volt- 
age at terminal 3. The grid goes 
more positive and more plate cur- 
rent flows. This action continues at 
a rapid rate until grid current flows 
and saturation is reached. The grid 
current changes capacitor C20 to a 
value more positive than before. At 
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saturation, the current through 
winding 2-1 becomes constant and 
no voltage is induced at terminal 3 
of T1. Since no positive voltage is 
eoupled to the grid except the 
change in capacitor C20, the bias 
quickly asserts itself, driving the 
grid toward cutoff. Plate current 
decreases and the magnetic field in 
T1 begins to collapse. This induces 
a negative potential at terminal 3 
which aids the fixed bias in driving 
the grid more negative. The plate 
current continues to decrease, in- 
ducing an even more negative po- 
tential at terminal 3 and the grid. 
This action continues until the tube 
is cut off. The fixed bias then holds 
the tube cut off until the next in- 
put pulse. Capacitor C17 and re- 
sistor R50 and capacitor C16 and 
R53 are decoupling networks to keep 
the trigger pulse out of the +250- 
volt and —250-volt power supplies. 
Capacitor C15 and resistor R45 
make up a decoupling network to 
keep signals out of the +1650-volt 
power supply. 

The circuit constants of the trigger 
pulse circuit are chosen so that tube 
current through cathode resistors 
R48 and R49 produces an output 
pulse identical to the preknock 
pulse if output connector J9 is ter- 
minated with a 75-ohm load. This 
pulse is coincident with, but electri- 
eally isolated from, the preknock 
pulse. 


(2) Interference suppression circuits. 
(a) When interference suppression re- 


(b 


lays K1 and K2 are not energized, 
bypass video enters the assembly 
at connector J3, passes through con- 
tacts 10-3 and 1-9 of relay K1, and 
leaves the assembly at connector 
J4, MTI video enters at J5, passes 
through contacts 2-4 and 6-8 of 
K2, and leaves the assembly at con- 
nector J6. 

When INTFER SUPPR switch on 
the LOPAR control-indicator is 
operated, relays K1 and K2 on 
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(c) 


(d) 


the interference suppressor pulse 
amplifier-generator operate. When 
K1 and K2 operate, the bypass video 
from J3 passes through contacts 
10-4 of relay K1 and is terminated 
in resistor R37. Interference sup- 
pressor (IS) video from the trigger 
pulse amplifier passes through con- 
tacts 2-9 of K1 and leaves the as- 
sembly at J4, Thus IS video is 
substituted for bypass video in the 
presentation system. MTI video 
from J5 is applied through contacts 
2-5 of K2 to a coincidence circuit, 
and the MTI video, which is in 
coincidence with the IS video, is 
passed through contacts 1-6 of K2 
and leaves the assembly at J6. This 
video replaces the MTI video in the 
presentation system. The outputs 
of the interference suppressor pulse 
amplifier-generator which replace 
the bypass video and MTI video 
will hereafter be identified as IS 
(interference suppressor) video and 
MTT-IS video, respectively. 

The IS circuit is a coincidence cir- 
cuit which compares the content 
of the delay and nondelay video 
channels and rejects any informa- 
tion which is not in both channels. 
Any interference which oceurs dur- 
ing one pulse repetition period but. 
not in the next is rejected. 
Composite nondelay video, consist- 
ing of a positive preknock pulse fol- 
lowed by a negative test pulse and 
negative video, is applied at er 
nector J2, coupled through capay ‘cor 
C2, developed across resister R5, 
and impressed on the grid 0. video 
amplifier V2B. The positive pre- 
knock pulse is shunted to ground 
by diode CR2. The negative test 
pulse and negative video are ampli- 
fied and inverted by V2B, developed 
across plate resistor R6, and cou- 
pled through capacitor C5 to the 
control grid of coincidence ampli- 
fier V3 as positive pulses developed 
across resistor R24. Diode CR7 
clamps the grid of V8 to a potential 
not greater than zero volts, This 
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clamping insures that all video sig- 
nals start from the same reference 
level. 

Composite delay video, consisting 
of a negative preknock pulse fol- 
lowed by a positive test pulse and 
positive video, is applied at con- 
nector J1, coupled across capacitor 
C1, developed across resistor R1, 
and impressed on the grid of video 
amplifier VIA. The negative pre- 
knock pulse is shunted to ground by 
diode CR1. The positive test pulse 
and positive video are amplified and 
inverted by V1A, coupled through 
capacitor C4, developed across re- 
sistor R11, and impressed on the 
grid of video amplifier V2A. The 
signal is amplified and inverted by 
V2A, coupled through capacitor C7, 
developed across resistor R23, and 
impressed on the suppressor grid of 
coincidence amplifier V3 as a posi- 
tive test pulse and positive video. 
Diode CR8 clamps the suppressor 
grid of V3 to a potential not greater 
than 0 volts. Bias for the suppressor 
grid is developed across the voltage 
divider made up of delay video sup- 
pression variable resistor R16 and 
resistor R14 between ground and 
—250 volts. Resistor R26 is the 
screen dropping resistor, and ca- 
pacitor C12 is the screen bypass. 
Tf the signals on the control grid 
and suppressor grid of V3 are posi- 
tive and coincident, V3 produces a 
negative output. If the signals are 
not positive and coincident, V3 re- 
mains cut off. The negative output 
pulses from V8 are coupled across 
capacitor C8, developed across re- 
sistor R30, and applied to the grid 
of paraphase amplifier V1B through 
parasitic suppressor resistor R44. 
Amplifier V1B is biased by +16.7 
volts developed across the voltage 
divider consisting of resistors R32 
and R81 between ground and +150 
volts. Diode CR4 clamps the grid of 
V1B to a potential not greater than 
-+16.7 volts. Negative signals on the 
grid of VIB produce positive signals 


at the plate and negative signals 
at the cathode. The positive signals 
from the plate are coupled through 
capacitor C10, developed across re- 
sistor R22, and applied to the sup- 
pressor grid of coincidence ampli- 
fier V5. Negative signals at the 
cathode of V1B are coupled through 
capacitor C18, developed across re- 
sistor R35, and applied to connector 
J4 through contacts 2-9 of relay 
K1. The IS video output at J4 is 
used to drive the bypass video cir- 
cuits in the presentation system, A 
second negative output is taken 
from the junction of VIB cathode 
resistors R36 and R34 and coupled 
through capacitor C14 to the BY- 
PASS side of MTI-BYPASS switch 
Sl. When S1 is operated to BY- 
PAS, the IS video is applied to 
test connector J7. 

The MTI-IS coincidence circuit 
uses MTI video and IS video to pro- 
duce an output free of random in- 
terference and stationary object 
video. MTI video from connector J5 
passes through contacts 2-5 of re- 
lay K2 and is developed across re- 
sistor R8. The signal is ampli- 
fied and inverted by V4A, coupled 
through capacitor C6, developed 
across resistor R21, and applied to 
the control grid of coincidence am- 
plifier V5 as positive video, Bias for 
the control grid is developed across 
the voltage divider consisting of re- 
sistor R20, MTI Video suppression 
variable resistor R19, and resistor 
R15 between ground and —250 
yolts. Bias for the suppressor grid 
is developed across the voltage di- 
vider consisting of bypass video 
suppression variable resistor R17 
and resistor Ri4 between ground 
and —250 volts, Resistor R29 and 
capacitor C13 are the screen drop- 
ping resistor and screen bypass re- 
spectively. 
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(kh) If the MTI video pulses at the con- 


trol grid and the IS video pulses at 
the suppressor grid of V5 are posi- 
tive and coincident, V5 produces 
negative signals which are coupled 
through capacitor C9, developed 
across resistor R38, and coupled 
across parasitic suppressor resistor 
R40 to the grid of video amplifier 
V4B. Diode CR5 clamps the grid of 
V4B to a potential not greater than 
0 volts. Negative signals on the grid 
of V4B produce negative signals at 
the cathode. These signals are cou- 
pled through capacitor C11, devel- 
oped across resistor R42, and ap- 
plied to the MTI side of MTI- 
BYPASS switch $1 and through 
contacts 1-6 of relay K2 to connec- 
tor J6. The negative MTI-IS video 
at J6 replaces the MTI video in 
the presentation system. 


31.2 (U). LOPAR Relay Assembly 9143901 


a. General. 


The LOPAR relay assembly 


contains four relays used to apply ac and de 
power to the low-power acquisition system and 
a relay to switch the HIPAR pre-trigger or the 
MTI auto sync pulse into the acquisition-track 
synchronizer. This makes it possible to operate 
the HIPAR without energizing the LOPAR. 


b. Detailed Theory. 


q@) 


(2) 


(3) 


High voltage preheat relay K3 (fig. 
89, TM 9-1430-257-20/1) is energized 
by —28 volts supplied at the end of the 
delay period by the 5-minute delay 
timer. Relay K3 applies generator ex- 
citation and —28 volts to the LOPAR 
circuits. It also applies —28 volts to 
relays K1 and K2, 

Barbette de on relay K1 and barbette 
power on relay K2 are energized when 
BARBETT DC switch $12 on the 
acquisition power control panel is 
ON. These relays apply both de and 
ac power to the LOPAR antenna- 
receiver-transmitter group. 

+820V overload relay K4 is also en- 
ergized by BARBETT DC switch 
$12 if thermal overload relay K4 on 
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the 5-minute timer is closed. Relay K4 
provides +320 volts to the precision 
indicator and —28 volts to high volts 
on relay K8 in the acquisition power 
control panel. 

(4) High power select relay K5 is ener- 
gized when the RADAR SELECT 
switch on the IPF control-indicator is 
operated to LOPAR. Relay K5 
switches the input of the acquisition- 
track synchronizer from hipar pre- 
knock trigger pulses to MTI auto syne 
pulses. Termination resistor R75 and 
contacts 1, 6, and 8 of relay K5 form 
a termination circuit. 


31.3 (U). Acquisition Interference Sup- 
pressor 9990600 
a. General. Acquisition interference suppres- 
sor 9990600 is part of the antijam display. All 
system video signals pass through this unit 
except jam strobe. The video inputs to the 
acquisition interference suppressor are: bypass 
video, delay video, non-delay video, and MTI 
video. The video output may be processor, in- 
terference suppressor, or normal video, depend- 
ing on the mode selected, and will appear as 
processor feedback, bypass video, processor 
video, or MTI video. In the normal mode of 
operation the bypass video and the MTI video 
are passed through the unit without alteration 
while the delay and non-delay videos are not 
used. 
b. Detailed Theory. 

(1) MTI video is applied through MTI 
IN connector J5 (fig. 44.2, TM 9-1430- 
257-20), coupled through eapacitor 
C27, developed across resistor R61, 
and applied to the base of emitter fol- 
lower Q3. Diode CR33 clips the posi- 
tive portions of the MTI video. Emit- 
ter followers Q1 through Q3 make up 
a transistor driven AND gate having 
high input impedance to minimize 
loading of the input sources. When 
operating in the normal mode, relay 
Ki is deenergized and —8 volts is de- 
veloped at the junction of R67 and R68 
in the voltage divider network made 
up of resistors R67 through R70 con- 
nected between —250 volts and 
ground. The --3 volts is applied 
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through contacts 5 and 11 of K1 and 
resistors R62 and R63 to transistors 
Q2 and Ql, respectively, fixing their 
base voltage and permitting MTI video 
to transfer through the AND gate. 
The MTI video signal is developed 
across emitter resistor R64 and is 
coupled through diode CR27, devel- 
oped across resistor R50, and applied 
to the grid of cathode follower ViB. 
Diodes CR25, CR26, and CR27 isolate 
the three transistor stages and are 
part of the AND gate circuit. The out- 
put signal which is developed across 
resistor R56 is applied directly to the 
grid of cathode follower V4B. Diode 
CR29 prevents damage to V4B if tube 
V1 is removed with power on. The out- 
put of cathode follower V4B is de- 
veloped across resistor R57, coupled 
through capacitor C25, and applied 
across resistor R58 to MTI OUT con- 
nector J6. 

When K1 is energized, the —3-volt 
bias is removed from the base of emit- 
ter followers Q1 and Q2 and the MTI 
video signal output at connector J6 
is dependent on the coincidence of 
delay, non-delay, and MTI video sig- 
nals at the AND gate. The output of 
the AND gate is the smallest of three 
inputs, and since the delay and non- 
delay video signals are always larger 
than the MTI video, they act as gates 
for the MTI video. The amplitude of 
the output signal is determined by the 
amplitude of the MTI input signal. 
When the video signals are not coin- 
cidental, there is no output from the 
AND gate and extraneous noise and 
jamming signals are blocked. 

Bypass video is applied through BY- 
PASS IN connector J3. During the 
normal mode of operation the bypass 
video is coupled through contacts 10 
and 3 of K1 and through contacts 1 
and 9 of K1 directly to BYPASS 

PROC VID connector J4. During the 
interference suppressor mode of oper- 
ation, bypass video is terminated 
through contacts 10 and 4 of ener- 
gized K1 and resistor R1 to ground. 


(4) 


ce 
(5) 
(6) 
(7) 


During the interference suppressor 
mode of operation a signal on the BY- 
PASS/PROC VID connector J4 is de- 
pendent on the time coincidence of 
the delay and non-delay video input 
signals. This random signal suppres- 
sion reduces the effectiveness of ran- 
dom noise and side lobe jamming as 
well as railing, walking pulses, and 
friendly interference signals. 
Non-delay video is applied through 
NON DELAY VID IN connector J2, 
through secondary winding 5-6 of 
transformer T1, coupled through ca- 
pacitor C18, developed across resistor 
R43, and applied to the control grid of 
amplifier V7. Diode CR21 clips posi- 
tive portions of the non-delay video. 
The non-delay video signal is amplified 
and inverted in V7, developed across 
plate load resistor R44, and coupled 
directly to grid 7 of bypass amplifier 
V6 and control grid 7 of multiplier 
V3. 

Delay video, which is delayed for 1 
pulse repetition period from the non- 
delay video, is applied through DE- 
LAY VID IN connector J1, coupled 
through capacitor C1, developed across 
resistor R2, and applied to the grid of 
amplifier VIA, where it is amplified 
and inverted. Degenerative feedback 
to stabilize the amplifier gain is ob- 
tained through unbypassed cathode re- 
sistor R4. The output of VIA is de- 
veloped across plate load resistor R3, 
coupled through secondary winding 
3-4 of T1, coupled through capacitor 
C2, developed across resistor R5, and 
applied to the control grid of amplifier 
V2. Diode CR2 clips any positive por- 
tions of the video signal. The signal 
is amplified and inverted by V2, de- 
veloped across plate load resistor R6 
and coupled directly to grid 3 of V6 
and to control grid 1 of V3. 

The suppression of random signals 
and the amplification of sweep-to- 
sweep coincident signals is accom- 
plished by the application of the delay 
and non-delay video signals to the two 
control grids of V3, which is a dual 
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control pentode. The interdependent 
contro] characteristics of the two grids 
of this tube permit biasing to points 
where the stage acts as an effective co- 
incidence circuit. The amplitude of the 
signal present at control grid 1 may 
be considered as a controlling voltage 
that determines the multiplying con- 
stant for the signal present on grid 7. 
The output of V3 is developed across 
plate load resistor R12, coupled 
through capacitor C8, developed across 
resistor R15 and coupled through grid 
current limiting resistor R14 to the 
grid of amplifier cathode follower 
V4A. Since the gain of V6 is almost 
negligible with K2 deenergized, it con- 
tributes almost nothing to the input 
of amplifier cathode follower V4A. Re- 
sistor R13 is the screen grid dropping 
resistor for V3 and C7 is the screen 
grid bypass capacitor. Diode CR6 
shunts positive portions of the input 
signal for V4A to ground. The oper- 
ating level of the grid of V4A is set 
by the +120 volts developed across 
diode CR7, in the CR7-resistor R16 
voltage divider and regulator circuit 
connected between +150 volts and 
ground. 

Output amplifier cathode follower 
stage V4A has two outputs. One out- 
put is developed across resistor R19 
and coupled through capacitor C10 
and contacts 2-9 of energized K1 to 
BYPASS/PROC VID connector J4. 
Resistor R18 is an unbypassed cath- 
ode resistor which with R19 forms a 
voltage divider for obtaining the 
proper level output signal from the 
cathode. Another output signal from 
V4A is developed across plate resistor 
R17, coupled through capacitor C9, 
and applied to PROC FB connector J7. 
TEST switch $1 selects either MTI 
video or processor video to be applied 
through capacitor C17 to TEST OUT 
connector J8 for monitoring purposes. 
When relay K2 is energized, relay K1 
becomes deenergized because ground 
connection is broken through contacts 
7 and 12 of K2, The cathode circuits 
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of V6 are changed by the application 
of +150-volts through contacts 2-9 and 
4-10, respectively, of K2 to terminal 
1 of PROC ADJ 2 variable resistor 
R35 and terminal of PROC ADJ 1 
variable resistor R37. This action 
causes the operating voltage on the 
cathodes of V6 to shift so that the 
gain of each section of V6 may have 
a maximum gain of 0.4. The gains of 
the bypass amplifiers are now con- 
trolled by adjustment of variable resis- 
tors R35 and R37. During the proces- 
sor mode of operation, the proportion 
of delay and non-delay video that by- 
passes the multiplier stage can be 
independently controlled by the gain 
setting of the respective section of by- 
pass amplifier V6, which is essentially 
operating in parallel with V8. The in- 
puts to V6 are the same as the inputs 
to V3 and the outputs of both stages 
are developed across common plate 
load resistor R12. 


The bias of V3 is determined by the 
plate of V2 for grid 1 and the 
plate current of V7 for grid 7. This 
requires that the plate current of V2 
and V7 be held constant for long 
periods of time to prevent perform- 
ance degradation. The video gate, 
used to generate the video “quiet pe- 
riod” in the MTI system is used to 
operate gates for sampling the grid 
signals of multiplier stage V3. Video 
gate 1 is applied through connector 
Pi-1 and coupled through capacitor 
C13 to the gate shaping circuit com- 
posed of diodes CR8, CR9, CR10, 
CR11, capacitor C14, resistors R22, 
R23, R24, and R25. The action of the 
gate shaping circuit is explained in 
(12) below. 


The operation of the video gates used 
in this circuit at a 150-volt reference 
requires that the video gate input be 
ac coupled. The gates must carry ap- 
proximately 0.5 milliamps during the 
ON time, and must be back biased to 
cause adequate isolation during OFF 
time. The charge accumulated on 
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coupling capacitor C18 when the in- 
put gate signal is positive shall be dis- 
charged through resistor R23 during 
the OFF time while the input gate sig- 
nal is negative. The input signal is 
referenced to --142 volts which is ob- 
tained from the voltage divider net- 
work composed of resistors R26 and 
R28 between +150-volts and ground. 
Capacitor C14 stabilizes this voltage 
and holds it constant. When the posi- 
tive input gate signal is coupled 
through capacitor C13 the +210 total 
voltage is the sum of the reference 
voltage and the +68 volt input signal. 
This voltage will close the gate 
switches for 23 microseconds, and the 
gate output wilt rise to +150-volts. 
After the 23 microsecond interval, the 
voltage across resistor R23 goes nega- 
tive and the gate switches open. The 
gate output will at this time return to 
+142-volts and remain there until the 
next positive gate pulse is applied at 
connector P1-1 at the end of the sweep 
time of approximately 2000 microsec- 
onds. The video gate 2 signal is equal 
but opposite in polarity to the video 
gate 1 signal discussed. The input to 
the gates is prevented from rising 
above 210 volts in each channel by 
zener diodes CR9 and CR10 which are 
68-volt diodes. The input voltage to 
the gates is prevented from dropping 
below 142-volts by the reference volt- 
age established in the voltage divider 
consisting of resistors R26 and R28. 
For correct operation of the bias con- 
trol loop, it is necessary that there be 
no signal present on the multiplier 
grid during the time between pre- 
knock and the leading edge of the test 
pulse. The preknock pulse, which is 
the opposite polarity of the video, is 
inserted into the circuit through the 
secondary windings of transformer 
Tl, This distorted pulse prevents the 
charging of the short time constant / 
coupling capacitors at the input of am- 
plifiers V2 and V7 by the test pulse 
which is applied during the “quiet 
period”. 


cB 


(14) During the 23.5-microsecond ON time 


of the diode gates, a 7-microsecond 
positive signal and receiver noise are 
applied to the input of the two gates. 
One input is from the plate circuit of 
V7, and is applied at the junction 
of CR16 and CR17. The other signal is 
applied from the plate circuit of V2 
to the junction CR14 and CR15. Since 
the gates are ON at this time, the posi- 
tive 7-microsecond pulse and receiver 
noise are passed through the gates and 
applied to the grid of V5A or V5B. 
Since AGC amplifiers V5A and V5B 
are identical, only the stage V5B will 
be discussed. The grid of V5B is 
biased at a voltage between 0 and —10 
volts by the voltage divider consisting 
of resistor R49 and BIAS ADJ vari- 
able resistor R48 between —250-volts 
and ground. The amount of bias is 
determined by the brush arm setting 
of R48. C21 is a holding capacitor to 
hold the reference bias voltage con- 
stant. The 7-microsecond pulse and 
receiver noise are applied through ca- 
pacitor C24 and diode CR23, developed 
across resistors R47 and R46, and ap- 
plied to the grid of V5B. The positive 
pulse is blocked from the grid bias 
reference circuit by diode CR24, but is 
passed through CR23. Holding ca- 
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pacitor C20 is charged mn the discharge 
path holds the current in V5B fairly 
constant for a long period of time. The 
discharge path for C20 is through re- 
sistor R46. The output of V5B is de- 
veloped across plate resistor R45 and 
coupled through zener diode CR22 to 
holding capacitor C19. The voltage 
drop across normally conducting zener 
diode CR22 is held constant at 68 
volts so that the screen grid of V7 
is operating at a relatively low poten- 
tial. This action tends to hold the 
gain of V7 constant for the long period 
of time between the video gate ON 
pulses. During the gate ON time, nor- 
mal receiver noise causes the holding 
capacitor C19 to charge to a value de- 
termined by the noise level. The effect 
of the 7-microsecond test pulse which 
is applied during the preknock to syne 
time is offset by the application of a 
distorted preknock pulse of the oppo- 
site polarity which is coupled through 
the secondary windings of transformer 
T1. Therefore, the receiver noise level 
which is applied during the gate ON 
time determines the charge on hold- 
ing capacitor C19 and establishes the 
gain level for V7 during the remainder 
of the sweep time. 
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32 (U). Miscellanecus Cabinet-Mounted 
Components in Director 
Station Group 8513626 


a. General, In addition to the chassis covered 
in paragraphs 10 through 31, the director station 
group contains cabinet-mounted line attenuation, 
line compensation, and line decoupling circuits 
which are covered in this paragraph. 

Note. The key lettet-number combinations shown in 


parentheses in b below refer to zone locations in figure 25, 
TM 9-1436-257-26, unless otherwise indicated. 


b. Detailed Theory. 


(1) Frame-mounted test pulse adjust varia- 
ble resistor R1 (D25) is located on the 
MTI frame in the director station group. 
Resistor Rl is inserted across the con- 
necting cable between connector J3 
(C14) on the acquisition-track synchro- 
nizer and connector J2 (B26) on the 
carrier oscillator. Since the test pulse 
is a critical reference voltage in the 
MTI system, compensation for line 
losses is necessary. Correct pulse am- 
plitude is obtained when R1 is adjusted 
to provide a pulse amplitude of 5 di- 
visions on the MTI oscilloscope. 

(2) In the MTI frame, the +150-volt, 
+250-volt, and the —250-volt. lines are 
decoupled through the RC circuits com- 
posed of resistor R4 (D27) and capacitor 
Cl, resistor R2 and capacitor C2, and 
resistor R3 (D228) and capacitor C3, 
respectively. These networks ground 
transients to keep these spurious volt- 
ages out of the power supplies. Capaci- 
tor C8 (C28) performs a like funetion 
in the +250-volt supply line to the MTI 
synchronizer. The 6.8-volt filament volt- 
age circuit to the MTI synchronizer is 
decoupled by capacitors C6 and C7. 
Capacitors C4 (C26) and C5 perform 
the same function in the MTI video 
amplifier filament supply line. 

(3) The IF attenuator (fig. 18) compensates 
tor the wide variations in gain that occur 
because of the cumulative effect of the 
tube circuit differences through twelve 
stages of amplification in the IF pre- 
amplifier (par. 72) and the IF amplifier 
(par. 10). The output from the IF pre- 
amplifier is applied through connector J1 


(4) 


(6) 


(6) 


TM 9-1430-250-35. 


to the brush arm of switch SIA. With 
the switch in the 0-db position, only the 
circuit consisting of resistors R32, R33, f] 
and R84 is connected into the series cir- 
cuit between J1 and the output cable at 
connector Pl. This circuit matches the 
output of the IF preamplifier to the in- 
put of the IF amplifier and establishes 
the zero reference for evaluating attenu- 
ation levels. As DB switch S1 is ad- 
vanced, resistors R32, R33, and R34 are fj 
progressively connected to similar cir- 
cuits, providing 0 to 20 db of attenuation 
in 5-db steps. As S1 is advanced, larger 
values of resistance are inserted in series 
with the signal leads, Simulated IF 
signals from radar signal simulator 
AN/MP@Q-36 are applied through con- 
nector JZ to the matching attenuator 
path composed of resistors R85 and R36. 
This IF signal is applied directly to 
output connector P2 and is not controlled 
by the setting of switch S1. 

Note that the resistance of R5 is greater 
than R2, R8 is greater than R5, and R11 
is greater than R8, Also note the pro- 
gressive decrease in the resistance shunt- 
ing the signal to ground. Resistor R1 
is greater than R4, and R7 is greater 
than R10, thus allowing more signal 
current to return to ground as more 
attenuation is desired. The output from 
the IF attenuator is applied from the 
junction of resistors R34 and R85 
through connector P1 to the external IF 
amplifier (C22). 

Terminating resistor R75 (021) is a 
plug-in terminating resistor built into 
connector P74 for terminating the track 
range gate input to the video and mark 
mixer (par. 18), Resistor R6 (D9) is a 
load resistor for the +-270-volt output 
of the +270v, —28v, and +75v or 
+175v power supply (par. 25). 


Transformers T1 (D138), T4 (A238), T5 
(A19), and T6 (A238) are filament supply 
transformers for supplying 6.8 volts ac 
to the filament circuits of the chassis 
housed in the director station group. 
Secondary winding 3-4 of T1 supplies 
6.3 volts ac to the MTI video amplifier 
(B26), carrier oscillator (B27), and MTI 
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Figure 18 (U). 


| oscilloscope (B29). Secondary winding 
| §-6 of T1 supplies the carrier oscillator 
(B27) and delay amplifier (B80). Sec- 

ondary winding 7-8-9 of T1 supplies 
the trigger pulse generator (B22). See- 
ondary winding 3-4 of T4, in parallel 
with winding 5-6, supplies the acquisi- 
tion-track synchronizer (C14) and the 
video and mark mixer (D19). Second- 
ary winding 7-8 of T4, in parallel with 
winding 9-10, supplies the alarm con- 
i trol (A14). Windings 3-4 with 5-6 and 
7-8 with 9-10 are paralleled to pro- 
- vide greater current handling abilities. 
Secondary winding 11-12 of T4 supplies 
6.3 volts ac, referenced at —250 volts 
de, to the alarm control (A14), 4-ke 
oscillator (C14), and switching and mixer 
unit (B18). Secondary winding 3-4 of 
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a) 


IF attenuator—simplified schematic diagram. 


T5 supplies 6.3 volts ac, referenced at 
—1000 volts de, to the MTI oscilloscope 
(B29). Secondary winding 38-4 of Té 
supplies regulated 6.8 volts ac to the 
switching and mixer unit (B18). Trans- 
former T2 (D16) provides 120-volt ae 
generator excitation voltage to the servo 
systems in the acquisition radar system. 
Transformer T3 (C15) is the output 
load of the 4-ke oscillator and is dis- 
cussed in paragraph 21. 

Fuse Fl (A8) protects the +320v or 
+220v power supply from failures in 
the —250, +250, or +150 volt regu- 
later. In systems 1001-1048, Fil is a 
2-ampere fuse. In systems 1049 and 
above, F1 is a l-ampere fuse. -Indica- 
tor light I1 is a blown fuse indicator 
light which aids in locating a blown fuse 


ce 


or malfunctioning circuit. Fuses F4, 
F5, and F6 (D4) protect the 120-volt, 
3-phase circuits. This 3-phase voltage 
is supplied to radar signal simulator 
AN/MPQ-36. Fuse F7 (A10) pro- 
tects the —250, +250, or +150-volt 
regulator from overload by radar sig- 
nal simulator AN/MPQ-36. Fuse F8 
(B10) protects the —28-volt circuit 
from overload by radar signal simula- 
tor AN/MPQ-36. Fuse F9 (D3) pro- 
tects the —24-volt circuit from over- 
load in the FUIF interconnecting box. 
Interlock switches $3 (C11) through 
S8 (B6) protect the low-voltage cir- 
cuits that supply the high-voltage cir- 
cuits. When a door on the director 
station group or a slide is pulled out, 
one of the switches breaks the low- 
voltage circuit, thereby interrupting 
high-voltage circuit operation. This 
protects maintenance personnel from 
possible injury due to electric shock. 
BAL-NORMAL switch S89, GRD con- 
nector J56, and NVTS connector J55 
provide facilities for balancing the 
+250 or +150-volt regulator, using 
the null voltage test set. 

Adapter Z60 (A417) and bridging unit 
Z61 (B13) are used to bridge existing 
circuits into radar signal simulator 
AN/MPQ-86. Z60 is used to bridge 
the IFF signals and Z61 is used to 
bridge the synchronizing pulse circuit. 
c. Differences Among Models. 

(1) MWO 9-1400-263-30 modifies the di- 
rector station group to accept an aux- 
iliary acquisition radar. Video and 
mark mixer 9142873 is replaced by 
video and mark mixer 9985613. Ac- 
quisition track synchronizer 9142937 
is replaced by acquisition track syn- 
chronizer 9988748. Wires are changed 
and connections are added for the 
AAR capability. The theory of the 
miscellaneous cabinet mounted com- 
ponents is the same as in 6 above. Re- 
fer to figure 25.1, TM 9-1430-257-20 
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(9) 


(10) 
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for the schematic reference showing 
changes made by MWO 9-1400-263-30. 
MWO 9-1400-268-50 modifies the di- 
rector station group to add facilities 
for the antijam display capability. 
Trigger pulse amplifier 9160170 is re- 
placed by acquisition interference sup- 
pressor 9990600. Acquisition power 
control panel 8153518 is modified. 
Switching and mixer unit 8513387 is 
replaced by electronic gate 9990560. 
Carrier oscillator 8513287 is replaced 
by delay line driver 9990570. Acquisi- 
tion IF amplifier 7621810 is replaced 
by main acquisition IF amplifier 
9990755. Alarm control 8158475 is 
replaced by fast AGC amplifier 
9990768. Also, if MWO 9-1400-263-30 
is not incorporated, the acquisition 
track synchronizer 9142937 is re- 
placed by acquisition track synchro- 
nizer 9988748 and video and mark 
mixer 9142873 is replaced by video 
and mark mixer 9985613. The theory 
of the miscellaneous cabinet mounted 
components is the same as in b above. 
Refer to figure 25.2 or 25.8, TM 9- 
1430-257-20, for the schematic refer- 
ence showing changes made by MWO- 
9-1400-268-50, 


(2) 


32.1 (U). Miscellaneous Cabinet-Mounted 
Components in Director Station 
Group 9145166 

a. General. The director station group con- 
tains cabinet-mounted line attenuation, line 
compensation, and line decoupling circuits 
which are covered in this paragraph. 

b. Detailed Theory. The theory of the mis- 
cellaneous cabinet-mounted components (fig. 
86, TM 9-1430-257-20) is the same as that 
described in paragraph 32 except for HIPAR 
relays K1 and K2. HIPAR relays K1 and K2 
are energized when the RADAR SELECT 
switch on the IFF control-indicator is set to 
HIPAR. Contacts of relays K1 and K2 select 
the appropriate signals for LOPAR or HIPAR 
operation. 
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BATTERY CONTROL CONSOLE 


33, (CMHA) PPI 9142868 
a. General, 


Note. The key letters showninparen- 
theses in (1) and (2) below refer to fig- 


ure 19, 


( 


Q) 


The PPI in the battery control 
console presents targets video 
(A) together with marks to des- 
ignate range and azimuth set- 
tings of the acquisition and tar- 
get tracking radar systems. The 
PPI display contains a rotating 
sweep {D) that rotates in syn- 
chronism with the acquisition 
antenna. The video and marks 
are presented on the rotating 
sweep. A choice of three range 
sweeps is available: 60,000, 
120,000, or 250,000 yards. 

The marks visible on the screen 
of the PPI in normal operation 
include acquisition range marks 
that occur once for every radial 
sweep and thereby describe a 
circle called the acquisition 
range circle (C) for indicating 
the range of a designated tar- 
get; a flashing azimuth line (B) 
that occurs once every revolu- 
tion of the acquisition antenna 
for indicating the azimuth of a 
designated target; the electronic 
eross (E) for indicating the 
azimuth and range settings of the 
target tracking radar system; 
and FUIF symbols for desig- 
nating the status of a target. 
FUIF symbols are a defocused 
spot (F) indicating that another 
battery is tracking the target; 
a full circle (G) around the tar- 
get indicating that the target is 


(3) 


a foe; and a semicircle (H), 
concave down, around the tar- 
get indicating that the target is 
a friend. 

The PPI (fig. 4, TM 9-1430- 
257-20) contains 12 subassem~ 
blies listed in (a) through (f) 
below. 

Modulation eliminator 
8517883 or 9007951, 

Sweep generator 8518032, 
PPI de amplifier 9005503 (2). 
PPI video amplifier 9142869, 
PPI marker generator 
9007680, 

Electronic gate 8517934 or 
9007695 (6). 
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b. Block Diagram Analysis (fig, 20). 
(l) The 


inputs to the modulation 
eliminator are the modulated 
4-ke signals from the resolver 
amplifier in the acquisition an- 
tenna pedestal and a 4-kc refer- 
ence carrier from the 4-kc os- 
cillator. The modulated 4-kc 
signal inputs represent the out- 
puts of the north-south (N-93) 
and east-west (E~W) windings of 
the acquisition azimuth re- 
solver, The modulated 4-kc sig- 
nals are converted into two sine 
waves by the modulation elim- 
inator. The frequency of these 
sine waves is such that 1 cycle 
represents one revolution ofthe 
acquisition antenna. Thus, there 
are two quadrature sine-wave 
voltages from the modulation 
eliminator which represent the 
north-south and east-west com- 
ponents of the acquisition an- 
tenna azimuth. The output sine 
wave alternate above and below 
zero reference level, 
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(2) The two demodulated sine-wave 


voltages are applied to the sweep 
generator where they develop 
sawtocth sweep voltages. Sweep 
gate pulses developed in the 
PPI video amplifier are also 
applied to the sweep generator 
and are used to fix the duration 


cl 


The duration of the sweep de- 
termines whether the range rep- 
resents 60,000, 120,000, or 
250,000 yards, The amplitude 
of each sawtooth sweep voltage 
varies in proportion to the ac- 
quisition antenna azimuth posi- 
tion, 


of the sawtooth sweep voltages, (8) Electronic gates Z1 through 26 


uaHTS: 


SYMBOL 
INTENSITY 


SYMBOLS, 
vera, 


[cen 


A—— TARGET VIDEO BE ELECTRONIC CROSS. 

B FLASHING AZIMUTH LINE FSUIF SYMBOL—BATTERY 
C— ACQUISITION RANGE CIRCLE = G SYMBOL—FOE 
D—— ROTATING SWEEP H—FUIF SYM3OL—FRIEND 
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Figure 19, (CMHA) PPI-—presentation. 
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are controlled by the gate con- 
trol pulses from the PPI marker 
generator, The electronic gates 
are connected so that Z2 andZ4 
are closed when Z1, 23, 45, 
and Z6 are open and vice versa. 
Thus, the PPI de amplifiers re- 
ceive either the N-S and E-W 
sawtooth sweep voltages from 
the sweepgenerator or the X 
analog and Y analog voltages 
from the FUIF equipment, Elec- 
tronic gates Z5 and Z6 switch 
resistors R7 and R8 into the 
X analog and Y analog circuits 
when Z2 and Z4 are closed. 
This is done to maintain a con- 
stant load on the X analog and 
Y¥ analog circuitry. 

The sawtooth sweep voltages 
from the sweep generator are 
then applied to the PPI de am- 
plifiers through Z1and Z3, Each 
PPI de amplifier provides an 
amplified push-pull output rep- 
resenting the input sawtooth 
sweep voltage. The two push- 
pull sawtooth sweep voltage out- 
puts are then applied to the 
electrostatic deflection plates 
of cathode-ray tube V1. One 
PPI de amplifier drives the 
north-south deflection plates 
and the other PPI de ampli- 
fier drives the east-west de- 
flection plates. A rotating sweep 
is obtained by the vector com- 
bination of the amplitudes of the 
sawtooth sweep voltages on the 
four deflection plates. Since the 
amplitudes of the individual 
sawtooth sweep voltages vary 
as the acquisition azimuth re- 
solver outputs vary in ampli- 
tude and phase, a change in the 
angular position of the acqui~- 
sition antenna produces an equal 
change in the resultant direction 
of the electrostatic deflection 
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field. This resultant field pro- 
duces the radial deflection of 
the sweep trace, 

The inputs to the PPI video 
amplifier are the sync pulse, 
the symbols unblanking pulse, 
and the low level acquisition 
video and marks, The PPI video 
amplifier amplifies the acqui- 
sition video and marks to a 
voltage level sufficient to in- 
tensity-modulate the electron 
beam of the CRT. It also sup- 
plies the sweep gate pulses to 
the sweep generator and the 
end of sweep pulse to the PPI 
marker generator. 

The inputs to the PPI marker 
generator are the end of sweep 
pulse, from the PPI video am- 
plifier, the all data present 
(ADP) pulse from the FUIF 
equipment, and the symbol des- 
ignations from the FUIF equip- 
ment (foe, friend, or battery 
signals). The outputs of the PPI 
marker generator are the gate 
control pulses which control 
electronic gates Z1 through Z6, 
the X symbol signal, the Y 
symbol signal, the symbols un~ 
planking pulse, and the defocus 
pulse. The X symbol signal is 
fed to the east-west (E-W) PPI 
de amplifier where it provides 
the necessary east-west deflec- 
tion voltages to generate the foe 
or friend signals. The Y sym- 
bol signal is fed to the north- 
south (N-S) PPI de amplifier 
where it provides the neces~ 
sary north-south deflection 
voltages to generate the foe or 
friend signals. The defocus 
pulse is generated by the PPI 
marker generator when it re- 
ceives the battery signal, The 
defocus pulse is then applied 
to the focus grid of the CRT. 
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Note. The key letter-number com- 


binations shown in parentheses in c 


pelow refer to figure 4. TM 9-1430- 
257-20 unless otherwise indicated. 


¢. Detailed Theory. In addition to the 
subassemblies listed in a(3) above, the 
PPI contains cathode-ray tube V1 (C12) 
and associated circuitry, Associated 
controls are LIGHTS variable resistor 
R15 (D8), which controls the brightness 
of the panel lights; GAIN variable re- 
sistor R5 (B2), which controls the bright~ 
ness of the acquisition video and marks; 
RANGE switch S82 (A7), which selects 
the range represented on the PPI; IN- 
TENSITY variable resistor R27 (D9), 
which controls the de level of the un- 
blanking pulses and therefore controls 
the brightness of the azimuth sweep; 
EXPANSION switch S3 (B8), EXPAN- 
SION POSITION variable resistor R19 
(B9), and EXP-ADJ variable resistors 
R21 and R22 (B9), which control the 
expanded presentation on the PPI; SYM- 
BOLS switch Si (D2), which controls 
the symbols which appear on the PPI; 


R39 which controls the brightness of the 


| SYMBOL INTENSITY variable resistor 


symbols; and FOCUS variable resistor 
R24 (C9), which controls the focus volt~ 
age applied to the CRT. Steerable azi- 
muth line relay Ki (B2) removes the 
acquisition video and marks and re- 
places them with a steerable azimuth 
line and an intensified acquisition range 
mark. ACQ RANGE MARK variable re- 
sistor R4 (C2) is provided to adjust the 
intensity of the intensified acquisition 
range mark, 
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(i) Acquisition video and marks 


controls. Acquisition video and 
and marks from the video and 
mark mixer are applied through 
ACQ VIDEO connector J8 B), 
GAIN variable resistor R5, and 
contacts 5 and 11 of steerable 
azimuth line relay K1 to the 
PPI video amplifier. ‘The set- 


(2) 


Cl 


ting of R5 determines the am- 
plitude of the acquisition video 
and marks applied to the PPI 
video amplifier. This in turn 
determines the brightness of 
acquisition video and marks on 
the CRT screen. When K1 is 
operated, the acquisition video 
and marks are removed, and 
the acquisition range mark is 
the input signal to the PPI video 
amplifier. The acquisition range 
mark from the acquisition range 
generator is applied through 
ACQ MARK connector J7, ACQ 
RANGE MARK variable resis- 
tor R4, and contacts 6 and 11 
of K1 to the PPI video ampli- 
fier, This input is anintensified 
acquisition range mark, Vari- 
able resistor R4 controls the 
brightness of the intensified ac- 
quisition range mark on the 
CRT in the same manner that 
R5 controls the acquisition video 
and marks. Resistor R6, ca- 
pacitors C3 and C4, crystal 
diode CR6, and associated con- 
tacts of K1 are components of 
a blanking circuit in the PPI 
video amplifier. When K1 is 
operated, these components, in 
conjunction with the PPI video 
amplifier, blank the CRT, 
Blanking occurs when K1 
switches from acquisition video 
and marks to the steerable azi- 
muth line presentation on the 
CRT sereen, This circuit is 
discussed in detail inparagraph 
38b(2) (€). 

Symbols control. The position 
of SYMBOLS switch $1 (D2) 
determines the symbol signal 
input to the PPI marker gen- 
erator. Switch S1 may be in the 
OFF, NORMAL, or BATTS po~ 
sition, In the NORMAL or 
BATTS position, the ADP pulse 
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from the FUIF equipment is 
applied through ADP connector 
J10, contacts 2 and 3 (inBATTS 
position) and contact 4 of 31 to 
the PPI marker generator. In 
the OFF position, symbol input 
signals from the electrical test 
panel are applied through con- 
nector J2-L and contacts 1 and 
4 of Sl to the PPI marker gen- 
erator. Switch Sl is placed in 
the OFF position during check 
and adjustment procedures, 

Symbol intensity, The setting of 
SYMBOL INTENSITY variable 
resistor R39 determines the 
amplitude of symbols unblank- 
ing pulse and therefore the 
brightness of the symbols. 

Range control. The position of 
RANGE switch S2 (A7) deter- 
mines the range represented by 
the sweep on the CRT screen, 
Switch S2A connects -28 volts 
to contact 1,11, or 12 of switch 
SiA in the PPI video ampli- 
fier and thus controls the sweep- 
length time of the PPI, Switch 
S2B and input resistors R9 
through R14 control the gain 
of the PPI de amplifiers. The 
gain of these amplifiers must 
be inversely proportional to the 
operating range so that the 
sweep length on the CRT will 
be constant for all settings of 
$2. The range represented by 
the sweep on the CRT is 60,000, 
120,000, or 250,000 yards. 

Expansion controls. EXPAN- 
SION switch S3 (B8), EXPAN- 
SION POSITION variable resis- 
tor R19, and expansion-adjust 
resistor R21 control the ex- 
panded sweep on the CRT 
screen. The expanded sweep 
presentation is a portion of the 
radial sweep expanded to sweep 
the diameter of the CRT. The 
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starting point of the expanded 
sweep is 1/2 inch from the 
periphery of the CRT. Variable 
resistor R19 controls the azi- 
muth point on the periphery of 
the CRT where the expanded 
sweep starts. When 83 is in 
the ON position, -28 volts de is 
applied through contacts 2 and3 
of S3A and contacts 8 and 9 of 
S3B to the PPI de amplifiers. 
This voltage operates expansion 
relay K1 which doubles the over- 
all gain of the PPI dcamplifier. 
Contacts 8 and 9 of S3A and con- 
tacts 2 and 3 of S3B apply off- 
set voltages from R19 to the 
PPI de amplifiers for the ex- 
panded sweep presentation. 
EXP ADJ-DIAMETER variable 
resistor R2i and EXP ADJ- 
CENTER variable resistor R22 
are provided for sweep center- 
ing adjustment. Resistors R18 
and R20 are voltage dropping 
resistors. Resistors R16 and 
R17 serve as input resistors for 
the offset voltage applied to the 
PPI de amplifiers. 

Cathode-ray tube V1, Cathode- 
ray tube V1 (C12) is the electro- 
static type. A heated cathode 
provides a source of electrons, 
a control grid determines the 
number of electrons flowing 
through CRT, and an acceler- 
ating grid speeds the electrons 
in their flight to a fluorescent 
screen, The cathode, control 
grid, and accelerating grid are 
cylindrical in shape and are 
placed so that their axes are 
coincident with the axis of the 
CRT, Focusing is accomplished 
by varying the voltage on the 
focus grid. Deflection is ac- 
complished by applying a volt- 
age of the desired waveshape 
to the deflection plates, 
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(a) When the CRT is unblanked 


by the unblanking pulse, elec~ 
trons that are emitted from 
the cathode can pass through 
the control grid to reach the 
fluorescent screen, The un- 
blanking pulse applied to the 
control grid is produced in 
the PPI video amplifier. It 
consists of a positive-going 
square wave with a duration 
depending on the selected 
range, Atop the unblanking 
pulse are the acquisition video 
and marks, The unblanking 
pulse is applied to the control 
grid in synchronism with the 
sawtooth sweep voltage and 
results in unblanking of the 
CRT during the sweep. The 
de level of the voltage ap- 
plied to the control grid is 
set by INTENSITY variable 
resistor R27 (D9) controlled 
by the INTENSITY knob on 
the front panel of the PPI. 
Resistors R27,R26,R25,R24, 
and R23 form a voltage di~ 
vider between the -8,000-volt 
supply and ground. Voltage 
for the control grid, cathode, 
and focus grid are tapped off 
the voltage divider, Clamper 
tube V3 clamps the cathode 
of V1 at a fixed potential by 
regulating the voltage drop 
across resistor R26. Crystal 
diodes CR1, CR2, and CR3, 
indicators 15, 16, and1?, and 
resistors R28 and R29 form 
a clamping circuit to insure 
that input signals at the con- 
trol grid start from the same 
reference level. Positive- 
going signals are developed 
across R28 and R29, Nega~ 
tive-going signals drive CRI, 
CR2, CR3, 15, 16, and 17 into 
conduction, and signals are 
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bypassed to ground through 
capacitor Cl in the PPI HV 
power supply (par. 50). Ca- 
pacitor Cl is connected be- 
tween the brush arm of R27 
(D9) (through connector J3 
(B1) of the PPI and connector 
J2 of the PPL HV power sup- 
ply) and ground, 

The acquisition video and 
marks that appear on the 
screen of the CRT are ap- 
plied to the control grid. 
These signals effectively re- 
duce the bias on the control 
grid, resulting in intensity 
modulation of the electron 
beam, The adjustment of 
GAIN variable resistor R5 
on the front panel of the PPI 
determines the level of the 
signal applied to the control 
grid, thereby controlling the 
degree of modulation. 

After passing the control grid, 
the electron beam passes 
through the accelerating grid 
which accelerates the beam. 
Resistors R30 through R33 
and R35 through R38 are ac- 
celerating grid dropping re- 
sistors, developing the ac- 
celerating grid voltage. Ca- 
pacitor Cé is theaccelerating 
grid bypass capacitor. 

After passing through the ac~ 
celerating grid, the electron 
beam is focused by varying 
the intensity of the electro- 
static field which is set up 
along the axis of the CRT by 
the focus grid. Electrons 
which are moving exactly a- 
long the electrostatic field 
set up by the focus grid are 
not deflected since they are 
moving parallel to the elec- 
trostatic field. All divergent 
electrons are acted on by 
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the electrostatic field, which 
produces inward radial ac- 
celerations and hbrings the 
electrons together at a com- 
mon point. This common point 
is known as a focus point and 
is a function of the intensity 
of the electrostatic field, 
When the field is adjusted so 
that the focus point is at the 
screen of the CRT, the elec- 
tron beam is properly fo- 
cused. The voltage on the fo- 
cus grid is controlled by FO- 
CUS variable resistor R24. 
When a positive defocus pulse 
from the PPI marker gener- 
ator is applied to trans- 
former T1, a positive pulse 
at T1-4 (with respect to T1-3) 
is developed. This pulse is 
applied directly to the focus 
grid, resulting in a change 
in the focusing voltage, 
Therefore the electron beam 
focus point is changed, re- 
sulting in a defocused spot on 
the CRT screen. Capacitor 
C7 is a decoupling capacitor 
for the de voltage at the 
brush arm of R24. 

Electrostatic deflectionis ac- 
complished by applying a 
linear sweep voltage to the 
deflection plates. With no sig- 
nals applied to the deflection 
plates, each deflection plate 
maintains a +1,550-volt de 
potential. The sweep voltages 
applied to the deflection plates 
are positive-going and nega~ 
tive-going sawtooth voltages 
varying in amplitude about 
the +1,550-volt dc level. The 
beam deflection is propor- 
tional to the amplitude of the 
sawtooth sweep voltage ap- 
plied to each plate, and the 
individual deflections add 
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vectorially. When the acqui- 
sition antenna is pointing 
west, the north and south 
fields are equal in amplitude 
and cancel each other. The 
west field is maximum and 
the east field is minimum, 
so the result is a west field 
and the sweep on the PPI 
is to the left (west). One 
quarter of a revolution later 
the east and west fields can- 
cel; the north field is maxi- 
mum. and the south field min- 
imum. The antenna is point- 
ing north and the sweep on 
the PPI is pointing up. 

(6) Power supply decoupling and 
voltage regulator. Resistors 
R1 (Cl), R2 and R3 and ca- 
pacitors C1A, C1B, C2, C8, 
C9, and C10 provide decoupling 
from the +250-, +150-, and ~250- 
volt supplies. Resistor R34 and 
voltage regulator V2 provide a 
regulated -87 volts dc to the 
two PPI de amplifiers. 


34, (U) Modulation Eliminator 8517883, 
9007951 

a. General, The modulation elimi- 
inator generates sweep voltages for use 
by the sweep generator to produce the 
rotating sweep on the PPI screen. The 
modulation eliminator receives three 
input signals; a 4-ke reference carrier 
and two amplitude-modulated 4-ke sig- 
nals from the resolver amplifier (par. 
56). The output from the modulation 
eliminator is two sine waves, 90° out 
of phase with respect to each other, The 
two sine waves represent the north- 
south and east-west azimuth position of 
the acquisition antenna. The sine waves 
are applied to the sweep generator, which 
generates sawtooth sweep voltages that 
produce the rotating sweep, 

b. Detailed Theory. The modulation 
eliminator (fig. 5, TM 9-1430-257-20) 
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consists of two crystal bridge demod- 
ulators; one in the north-south (Y) chan- 
nel and the other in the east-west (X) 
channel, Both demodulators receive a 
constant-amplitude 4-ke reference car~ 
vier (fig. 21). This signal enters the 
modulation eliminator at connectors P1- 
1 and 2 (fig, 5, TM 9-1430-257-20). 
In addition to the 4-ke reference car- 
rier, both demedulators receive a mod- 
ulated 4-ke signal (fig. 21). The Y input 
is at connectors P1-3 and 4 (fig. 5, 
TM 9-~1430-257-20) and the X input is 
at P1-5 and 6. The modulated 4-ke sig- 
nal is a 4-ke carrier modulated by sine- 
wave voltages. The frequency of the 
sine wave corresponds to the rate of 
rotation of the acquisition antenna. Thus, 
1 cycle of the sine wave corresponds to 
one revolution of the antenna. The mod~ 
ulated 4-kc signals and the 4-ke refer~ 
ence carrier are in phase for one-half 
revglution of the acquisition antenna and 
180° out of phase during the next one-~ 
half revolution. The 4-kc reference car- 
rier applied through Pl-1 and 2 to the 
primary of transformer T1 causes a 
switching action in the demodulators. 
Since both demodulator channels are 
identical, only the Y channel will be 
explained in (1) through (6) below. Con- 
sideration will first be given to the 
demodulator with only the 4-ke refer- 
ence carrier applied. Then, operation of 
the demodulator will be considered with 
the 4-ke reference carrier and the mod- 
ulated 4-ke signal applied, and the se- 
quence of events traced through one 
complete revolution of the antenna. 

(1) The 4-ke reference carrier is 
applied to the demodulator 
through T1. Assume that dur- 
ing the first half-cycle of the 
4-ke reference carrier, Ti-4is 
positive and T1-6 is negative. 
The voltage across the demod- 
ulator causes crystal diodes 
CR3 and CR4 to conduct equally. 
Current flows from T1-5 and 
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(3) 
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T1-6 through resistor R3, CR3, 
resistor R4, and CR4 to T1-4 
and T1-5. During this half- 
cycle, crystal diodes CR1 and 
CR2 are not conducting because 
of the negative voltage at the 
plate of CR1 from T1-6 and the 
positive voltage applied through 
resistor R2 to the cathode of 
CR2 from T1-4, 

During the next half-cycle, T1- 
6 is positive and T1-4 is nega~ 
tive. Crystal diodes CR1 and 
CR2 conduct equally and CR3 and 
CR4 are cut off, Current flows 
from T1-5 and T1-4 through re- 
sistor R2, CR2, resistor Rl, 
and CR1 to T1~6 and T1~8, It 
can be seen from this that the 
4-ke reference carrier acts as 
a switching voltage. However, 
the bridge is balanced and there 
is no output across load re- 
sistor R13. 

Operation of the demodulator 
with both inputs applied is now 
considered. Assume that the 
acquisition antenna is rotating 
between 4,800 and 1,600 mils. 
(It should be remembered that 
the acquisitionazimuth resolver 
rotates counterclockwise as 
the antenna rotates clock- 
wise. However, the modulated 
4-ke output signals of the ac~ 
quisition azimuth resolver rep- 
resent the clockwise rotation of 
the acquisition antenna.) The 4- 
ke reference carrier and the 
modulated 4-ke signal are in 
phase, Also, assume that T1-4 
and T2~-4 are positive and T1-6 
and T2-6 are negative during the 
first half-cycle of the 4-ke sig- 
nals, As a result of these volt- 
ages, the bridge is unbalanced 
and CR4 conducts more than 
CR3, The net current path is 
from ground through R13, T2- 
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Figure 21. (U) Modulation eliminator - input waveforms. 
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5 and T2-6, R4, CR4, and T1-4 
and T1-5 back to ground, 

During the second half-cycle 
{inputs still in phase) T1-6 and 
T2-6 are positive and T1-4 and 
T2-4 are negative. Asa result 
of these voltages, the bridge 
is unbalanced and CR1 conducts 
more than CR2, The net current 
path is from ground through 
R13, T2-5 and T2-4, R1, CR1, 


(5) 


(6) 
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and T1-6 and T1-5 back to 
ground. Current flow through 
resistor R13 is the same for 
both half-cycles, resulting in a 
positive output signal to re- 
sistor R5. Current flow con- 
tinues in this direction until 
the next 3,200 mils (1,600 to 
4,800) of acquisition antenna 
rotation. 

When the acquisition antenna 
is rotating between 1,600 and 
4,800 mils, the 4~ke reference 
carrier and modulated 4-ke sig 
nal are 180° out of phase. As- 
sume that during the first half- 
cycle of the 4-ke signals, T1-4 
and T2-6 are positive and T1-6 
and T2-4 are negative. The 
bridge is unbalanced and CR3 
conducts more than CR4, The 
net current path is from ground 
through T1-5 and T1-6,R3, CR3, 
T2-6 and T2-5, and R13 back to 
ground. During the second half- 
eycle of the 4+ke signals (in- 
puts still out of phase), T1-6 
and T2-4 are positive and T1-4 
and T2-6 are negative. Again the 
bridge is unbalanced and CR2 
conducts more than CR1i, The 
net current path is from ground 
through T1-5 and T1-4, R2, 
CR2, T2-4 and T2-5, and R13 
back to ground. Current flow 
through R13 is in the same 
direction for both half-cycles 
of the 4-ke signals. However, 
current flows in the opposite 
direction to that which flows 
when the inputs are in phase. 
This results in a negative out- 
put signal to R5. 

The sine-wave output of the 
demodulator, developed across 
R13, is applied to the RC filter 
network consisting of resistor 
R5, capacitor Cl, resistor R6, 
and capacitor C2. The purpose 
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of the filter network is to re- 
move the 4-ke component of 
the output signal. After filter- 
ing, the sine-wave output sig~ 
nal is applied to connector P1~9, 
ZERO SET-Y switch S1 and 
ZERO SET-X switch S2 ground 
the inputs to transformers T2 
and T3 when placed in the OFF 
position. Connects P1-3 and 5 
are externally grounded in the 
target designate control-indi- 
cator. When Sl and S82 are in 
the OFF position, both sides of 
the primaries of Tl and T2 are 
grounded. This results in zero 
output from the modulation 
eliminator. Switches Sl and $2 
are placed in the OFF position 
during check and adjustment 
procedures of the sweep gen~ 
erator. 

In summary, the modulation 
eliminator receives two mod- 
ulated 4-ke signals 90° out of 
phase, The modulated 4-ke sig- 
nals and the 4-ke reference 
carrier are in phase for 3,200 
mils (180°) of the acquisition 
antenna revolution and out of 


cl 


phase for the other 3,200 mils 
(180°), In the modulation elim- 
inator, the 4-ke signals develop 
two sine-wave outputs. The fre- 
quency is such that 1 cycle of 
the sine-wave output represents 
one revolution of theacquisition 
antenna. Figure 22 shows the 
outputs of both channels of the 
modulation eliminator. 
¢. Modulation eliminator - 9007951. 
Beginning with system 1181 modulation 
eliminator - 9007951 replaces modula- 
tion eliminator - 8517883, ZERO SET 
-Y OFF switch Sl and ZERO SET -X 
OFF switch 82 are replaced by a 3 
position rotary switch ($1). The three 
positions are stamped X OFF, NORM, 
and Y OFF providing the same func- 
tions as $1 and $2 in modulation elim- 
inator ~ 8517883, 


35, (U) Sweep Generator 8518032 

a. General. The sweep generator 
provides two variable amplitude saw- 
tooth sweep voltages, 90° out of 
phase with each other. These saw- 


tooth sweep voltages are developed 
from two idependent sine-wave in- 
put signals 90° out of phase with 
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Figure 22. (U) Modulation climinator—output waveforms. 


each other, representing the N-S and E-W coor- 

dinates of the acquisition antenna position. The 

sawtooth sweep voltages are used to drive the de- 

flection plates of the PPI located in the battery 

control console. Since the N-S and E-W chan- 

nels of the sweep generator are identical except for 

component designation, only the N—-S channel is 
discussed in } below. 

b. Detailed Theory. 
(1) YDC amplifier V1. 

(a) The N-S input signal to YDC ampli- 

fier ViA (fig. 6, TM 9-1480-257-20) is 

a sine-wave voltage (A, fig. 23). The 

frequency of this sime-wave voltage cor- 

responds to the rate of rotation of the 

acquisition antenna. Maximum fre- 

quency is 0.25 cps, occurring at the max- 

imum antenna rotation rate of 15 rpm. 
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The N-S output signal (C, fig. 23) of 
the sweep generator consists of positive 
and negative sawtooth sweep voltages, 
depending upon whether the N-S input 
signal is in the positive or negative half 
of its cycle, respectively. Sweep gate 
pulses (B, fig. 23), applied from the 
PPI video amplifier to electronic gate 
ZI (fig. 6, TM 9-1430-257-20), deter- 
mine the sweep time of each sawtooth 
voltage by effectively turning the sweep 
generator on and off. The repetition 
rate of these sweep gate pulses is 500 
pps. Electronic gate Z1 is discussed in 
(4) below. The amplitude of the N-S 
output sawtooth sweep voltage at a 
given instant depends on the amplitude 
of the N-S input sine-wave voltage at 
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that instant; therefore, the amplitude 
of the sawtooth sweep voltage will vary 
accordingly. The locus of points 
representing the peaks of successive 


N-S output sawtooth sweep voltages 
will be a replica of the N—S input sine 
wave. The frequency of the N-S input 
signal is small compared to the fre- | 
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Figure 23. (U) Sweep generator—N-S channel input and output waveforms. 
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quency of operation of the sweep gen- 
erator as determined by the sweep gate 
pulses. Therefore, the N-S input sig- 
nal for any 1 cycle of sweep generator 
operation can be considered as a de volt- 
age for that cycle. In the discussion 
below, only 1 cycle of sweep generator 
operation will be discussed; therefore, 
the N-S input signal applied to the 
grid of VLA will be considered as a de 
voltage. 

The N-S input signal is applied at con- 
nector Pl-1 and coupled through Y 
slope variable resistor Ri and resistor 
R2 to the grid of VIA. The Y slope 
variable resistor R1 controls the am- 
plitude of the N-S input signal to the 
grid of V1A and is adjusted for re- 
quired output sweep amplitude. With 
the N-§ input signal in its positive 
half-cycle and for 1 cycle of sweep 
generator operation, a positive de volt- 
age is applied to the grid of V1A. 
Conduction of V1A increases, causing 
an increase in current through com- 
mon cathode resistor R4. The voltage 
rise on R4 increases bias voltage on the 
avid of Y dc amplifier V1B, resulting 
in a voltage rise at the plate of V1B. 
Therefore, the positive de voltage at 
the grid VIA produces a positive de 
voltage output at the plate of V1B. 
The opposite effect on VIA and V1B 
occurs for a negative de voltage applied 
to the grid of VIA, Fixed negative 
bias voltage for VIB is furnished 
through the voltage divider consisting 
of resistor R6, Y zero set variable re- 
sistor R7, and resistor R8 connected 
between the +250-volt and —250-volt 
supplies. The Y zero set variable re- 
sistor R7 is adjusted to provide a zero 
output at the cathode of Y cathode 
follower V5A under no signal condi- 
tions. The output of V1B is developed 
across plate load resistor R38. The RC 
network, composesd of capacitor C2 


and resistor R9, stabilizes the plate 
voltage of V1B assuring that the plate. 
signal will always start at the same 
potential. 


(2) YPC amplifier V2. The output from 


the plate of V1B is coupled through re- 
sistor R10 and capacitor C11 to the grid 
of YDC amplifier V2. Capacitor C11 
shunts R10, and its purpose is to increase 
high frequency response. The bias yolt- 
age for V2 is developed across the volt- 
age divider consisting of resistors R11, 
R10, and R3 connected between the +250- 
volt and —250-volt supplies. Screen 
grid voltage for V2 is furnished through 
the voltage divider consisting of resistors 
Ri4 and R15 connected between the 
+150-volt supply and ground. The 
positive de voltage from V1B applied to 
the grid of V2 increases conduction 
through V2, which raises the voltage 
drop across plate load resistor R12 and 
lowers plate voltage, Therefore, the 
positive de voltage at the grid of V2 
produces a negative de voltage output at 
the plate of V2. The opposite effect on 
V2 occurs for a negative de voltage 
applied to the grid of V1A. 


(3) ¥ cathode follower V5A. The output 


from the plate of V2 is coupled through 
resistor R13 and capacitor C3 to the grid 
of Y cathode follower V5A. Capacitor 
(3 shunts R13, and its purpose is to in- 
erease high frequency response. Signal 
voltage on the grid of V5A is developed 
across resistor R16. In absence of a sig- 
nal on the grid, the eathode of V5A is at 
zero potential due to current flow through 
resistor R17 and V5A. A negative de 
voltage at the grid of V5A decreases 
cathode current and results in a negative 
de output. A positive de voltage at the 
grid of V5A has the opposite effect. on 
V5A. The output of V5A is applied to 
connector P1-9, to feedback capacitor 
Cl, and to Z1 for development of the 
sawtooth sweep voltages (C, fig. 23). 
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(4) Electronic gate Z1. 


Note. Refer to paragraph 36 for a detailed 
analysis of the electronic gate. 


(¢) Two sweep gate pulses are applied 


from the PPI video amplifier to Z1 
through P1-6 and 5. These two sweep 
gate pulses (B, fig, 23) are 180° out of 
phase with each other. With no sweep 
gate pulses applied, the grid of VLA 
(Bg. 6, TM $-1430-257-20) is held to 
ground potential through the —250- 
volt supply, resistor Ri at terminal 4 
in Zi, crystal diode CR1 at terminal 1 
in Z1, Y bal variable resistor R5, crys- 
tal diode CR2 at terminal 2 in Z1, re- 
sistor R2 at terminal 6 in Z1, and the 
+250-volt supply. The Y¥ bal variable 
resistor R5 is adjusted to provide a zero 
voltage at the grid of VIA under no 
signal conditions. The output from 
the cathode of V5A is held to ground 
potential through the —250-volt sup- 
ply, resistor Ri at terminal 4 in Z1, two 
crystal diodes CR5 and CR6 in Z1, re- 
sistor R2 at terminal 6 in Z1, and the 
+250-volt supply. Therefore, with no 
sweep gate pulses applied to Z1, the 
output of V5A is at ground, and feed- 
back capacitor C1 has no effect on the 
input of V1A. 


(b) Application of the positive-going lead- 


ing edge and negative-going leading 
edge of the sweep gate pulses at P1-6 
and 5, respectively, switches Z1 to an 
open position and lifts the output of 
V5A from ground; this couples the 
output of V5A through C1 to the input 
of VIA. With a positive de voltage 
applied to the grid of V1A, the nega- 
tive dc voltage from the cathode of 
V5A charges Ci slowly at a linear rate 
for the duration of the single sweep 
gate pulses applied at P1-6 and 5. 
When the two sweep gate pulses ap- 
plied at P1-6 and 5 reverse polarity, 21 
returns to the normally closed condi- 
tion and capacitor C1 discharges 


rapidly through CR6 in Z1, R2 in Z1, 
and the +250-volt supply; this action 
results in returning the cathode of V5A. 
to ground potential. The linear \ 
charge and rapid discharge of C1 pro- 
vides a sawtooth sweep voltage output 
(C, fig. 23) at Pi-9 (fig. 6, TM 9- 
1430-257-20), with an amplitude de- 
pendent upon the instantaneous ampli- 
tude of the input signal at the grid of 
ViA. 

(c) Capacitor C4 and Y zero variable ca- 
pacitor C5 balance the gate pulses 
applied to Z1 so that no sweep gate 
pulse appears at any time at the grid 
of VIA. With the sweep gate pulses 
applied to Z1 and no input signal ap- 
plied to the grid of V1A, Y zero vari- 
able capacitor C5 is adjusted to provide 
a zero output from Z1 by eancelling the 
sweep gate pulses across R5. The repe- 
tition rate of the sweep gate pulse is 
500 pps, Therefore, the number of 
sawtooth sweeps developed by C1 dur- 
ing 1 cycle of input signal to V1A is a 
function of the acquisition antenna ro- 
tation rate. With an antenna rotation 
rate of 0.25 eps (15 rpm), C1 provides 
2,000 variable amplitude output saw- 
tooth sweeps per cycle of antenna rota- 
tion, With an antenna rotation rate of 
0.166 cps (10 rpm), C1 provides 3,000 
variable amplitude output sawtooth 
sweeps per cycle of antenna rotation. 
With an antenna rotation rate of 0,0833 
eps (5 rpm), Cl provides 6,000 variable 
amplitude output sawtooth sweeps per 
cycle of antenna rotation. 


36. Electronic Gate 8517934 

a. General. Hight electronic gates are used in 
the PPI of the battery control consele. Two gates 
are used for determining the sweep time of the 
sawtooth sweep voltage from the sweep generator 
by starting and stopping each sweep voltage. For 
an understanding of the application of the two 
electronic gates as used in conjunction with the 
sweep generator, refer to paragraph 35. The re- 
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maining six electronic gates allow the inputs to 
the PPI de amplifiers to be switched between the 
sweep generator sawtooth sweep voltage output 
and the FUIF output position voltage. For an 
understanding of the application of the six elec- 
tronic gates as used in the PPI, refer to paragraph 
38. Only the basic theory of the electronic gate is 
discussed in & below. 

b, Detailed Theory. The electronic gate (fig. 
6, TM 9-1430-257-20) consists of crystal diode 
gates oneand two. Crystal diode gate one (fig. 24) 
consists of crystal diodes CR1, CR3, CR5, and. 
resistor R1. Crystal diode gate two consists of 
erystal diodes CR2, CR4, CR6, and resistor R2. 
Crystal diode gate one is capable of passing only 
positive input signals, and erystal diode gate two 
is capable of passing only negative input signals, 
The electronic gate is a combination of crystal 
diode gates one and two and is considered equiv- 
alent to a single-pole, single-throw switch capable 
of passing both positive and negative input sig- 
nals. Two gate control pulses are applied simul- 
taneously but 180° out of phase with each other, 
and together open or close the electronic gate, 
The electronic gates are on-off switching devices 
and do not switch from one input signal to 
another. 

(1) In the quiescent state of the electronic 
gate with neither input signals nor gate 
control pulses applied, terminals 1, 2, and 
3 are at ground potential, Current flows 
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from the —250-volt supply through ter- 
minal 4 and resistor R1 where it divides 
equally at point A and follows two paths: 
one path is through CRI, terminals 1 
and 2, CR2, and point B; the other path 
is through CR5, CR6, and point B. The 
two currents combine at point B and flow 
through resistor R2, terminal 6, and to 
the +250-volt supply. The condition 
stated above occurs because the voltage 
supplies are equal and opposite, resistors 
Ri and R2 are equal, and the forward 
resistance of the crystal diodes is essen- 
tially equal. The input and output 
points at terminals 1, 2, and 3 are at the 
center of the bridge network. Thus, 
terminals 1, 2, and 3 are at ground 
potential, 

The two gate control pulses are applied 
to the electronic gate at terminals 5 and 7. 
Consider the electronic gate at one instant, 
of time as having a positive voltage ap- 
plied at terminal 7 and a negative voltage 
applied at terminal 5. Under these con- 
ditions, current flow is from the —250- 
volt supply through terminal 4, R1, CR3, 
terminal 7, an external circuit, terminal 
5, CR4, R2, terminal 6, and to the +250- 
volt supply. Thus, the voltage at point 
A becomes more positive than when at 
quiescence because of the larger voltage 
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Figure 24. (U) Electronic gate—schematic diagram. 
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drop across Ri. This positive voltage 
cuts off CR1 and CR5. The voltage at 
point B becomes more negative than 
when at quiescence because of the larger 
voltage drop across R2. This negative 
voltage cuts off CR2 and CR6. With 
CR1, CR2, CR5, and CR6 biased below 
cutoff, there can be no output signal 
through terminal 3 with either positive 
or negative input signals applied at 
terminals 1 and 2. 


(8) If the polarity of the gate control pulses 


(4 


applied at terminals 7 and 5 is reversed, 
there is a negative voltage applied at 
terminal 7 and a positive voltage applied 
at terminal 5. This voltage cuts off cur- 
rent flow through CR3 and OR4, return- 
ing the electronic gate to its quiescent 
condition. At quiescence, CR1, CR2, 
ORS, and CR6 are biased to conduct as 
explained in (1) above. 

With the electronic gate in its quiescent 
state and a positive input signal applied 
at terminals 1 and 2, current flows from 
ground through the input load resistor 
to the external input signal source. At 
the same instant, current flows from the 
—250-volt supply through terminal 4, 
R1, CR1, terminal 1, and to the external 
input signal source. The positive input 
signal at terminals 1 and 2 biases CR2 be- 
low cutoff. Assuming the positive input 
signal does not exceed +50 volts ampli- 
tude, the voltage at point A and across 
the output load resistor simultaneously 
follows the polarity of this positive input 
signal. Therefore, as point A becomes 
more positive, less current flows from the 
— 250-volt supply through R1, CR5, CR6, 
R2, terminal 6, and to the +250-volt sup- 
ply. At the same instant, current in- 
creases from ground through the out- 
put load resistor, terminal 3, CR6, R2, 
terminal 6, and to the +250-volt supply. 
Thus, the voltage drop across the output 
load resistor simultaneously develops the 
output signal of the same polarity as the 
positive input signal. 


(5) For a negative input signal applied at 
terminals 1 and 2 current flows from the 


external input signal source through the , 


input load resistor to ground, At the 
same instant, current flows from the ex- 
ternal input signal source through 
terminal 2, OR2, R2, terminal 6, and to 
the +250-volt supply. The negative in- 
put sigrlal at terminals 1 and 2 biases CR1 
below cutoff. Assuming the negative in- 
put signal does not exceed —50 volts am- 
plitude, the voltage at point B and across 
the output load resistor simultaneously 
follows the polarity of this negative in- 
put signal. Therefore, as point B_ be- 
comes more negative, less current flows 
from the —250-volt. supply through Ri, 
CR5, CR6, R2, terminal 6, and to the 
+250-volt supply. At the same instant, 
current increases from the — 250-volt sup- 
ply through terminal 4, R1, CR5, terminal 
3, the output load resistor, and to ground. 
Thus, the voltage drop across the output 
load resistor simultaneously develops the 


output signal of the same polarity as the | 


negative input signal. 


(6) The following circuit description is 


based on the assumption that the input 
signals exceed +50 volts amplitude. 

{a} Should positive input signals in excess 
of +50 volts amplitude be applied at 
terminals 1 and 2, CR2 would remain 
cut off and CR5 would be cut off. This 
would result in positive peak clipping 
for input signals above +50 volts am- 
plitude. Crystal diode CR5 would be 
cut off with positive input signals in 
excess of +50 volts amplitude because 
more current would flow through R1. 
causing a higher voltage drop across 
Ri. This higher voltage drop across 
R1 would make point A and the cath- 
ode of CR5 more positive than the plate 
of ORS. The voltage drop across the 
output load resistor cannot be made 
large enough to cause CRS to conduct. 
Therefore, any positive input signals 
in excess of + 50 volts amplitude would 
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bias CR5 below cutoff. As a result, 
positive voltage limiting takes place 
across the output load resistor because 
the current path is from ground 
through the output load resistor, ter- 
minal 3, OR6, R2, terminal 6, and to 
the +250-volt supply. 


(8) Should negative input signals in ex- 


cess of —50 volts amplitude be applied 
at terminals 1 and 2, CR1 would re- 
main cut off and CR6 would be cut off. 
This would result in negative peak clip- 
ping below —50 volts amplitude. 
Crystal diode CR6 would be cut off 
with negative input signals in excess of 
—50 volts amplitude because more cur- 
rent would flow through R2 causing a 
higher voltage drop across R2. This 
higher voltage drop across R2 makes 
point B and the plate of CR6 
more negative than the cathode of 
CR6. The voltage drop across the 
output load resistor cannot be made 
large enough to cause CR6 to con- 
duet. Therefore, negative input sig- 
nals in excess of —50 volts ampli- 
tude would bias CR6 below cutoff. As 
a result, negative voltage limiting takes 
place across the output load resistor be- 
cause the current path is from the 
—250-volt plate supply through ter- 
minal 4, R1, CRS, terminal 3, the out- 
put load resistor, and to ground. The 
output signals through terminal 3 are 
thus limited to 2 maximum positive 
and negative voltage of +50 volts am- 
plitude. Input signals in excess of 
£50 volts amplitude result in positive 
and negative peak clipping at +50 
volts of the input waveform. 


{7) In summary, the electronic gate is a 


switching device controlled by gate 
control pulses applied at terminals 5 
and 7. When the gate control pulse is 
positive at terminal 7 and negative at 
terminal 5, the electronic gate acts as 
an open switch preventing any input 
signal applied at terminals 1 and 2 


from passing through the gate to ter- 
minal 3. When the gate control pulse 
is negative at terminal 7 and positive 
at terminal 5, the electronic gate acts as 
a closed switch permitting input sig- 
nals no greater than +50 volts ampli- 
tude to pass through the gate. 


37. PPI DC Amplifier 9005503 

a. General. Two PPI de amplifiers are used in 
the PPI to amplify the relatively low level posi- 
tioning voltages to the level necessary for driving 
the deflection plates of the eathode-ray tube ‘in the 
PPI. Since both PPI de amplifiers are identical, 
only the north-south amplifier with north-south 
(Y) signals applied is discussed in 6 (1) through 
(8) below. 

b. Detailed Theory. The PPI dc amplifier (fig. 
7, TM 9-1430-257-20) is a 3-stage feedback am- 
plifier. It consists of two conventional voltage 
amplifiers V1A and V1B, and high-voltage phase 
splitting amplifier V2. Degenerative feedback is 
utilized to develop a high degree of linearity. In- 
puts to the PPI de amplifier are the sawtooth 
sweep pulses from the sweep generator during one 
period of time or the Y analog dc voltage at con- 
nector P1-1 and the Y symbol signal from the 
PPI marker generator at connector P1-10. The 
inputs are switched 500 times per second by elec- 
tronic gates Z1 through Z4. Outputs from the de 
amplifier are amplified sawtooth sweep pulses or 
the Y symbol signal alternating about the Y ana- 
log de voltage. Since the de amplifier operates in 
the same manner for both inputs, only the saw- 
tooth sweep pulse input is discussed in (1) 
through (3) below. 

(1) Voltage amplifiers V1A and VIB. The 
sawtooth sweep pulse at P1-1 is applied 
through gain adjust variable resistor R1 
and resistor R30 to the grid of voltage 
amplifier VIA. The setting of R1 deter- 
mines the amplitude of the sawtooth 
sweep pulse input. Bias voltage for VIA 
is determined by the voltage divider con- 
sisting of de balance variable resistor 
Ré4 and resistors R83, R30, and R1 con- 
nected between the —87-volt supply at 
connector P1-4 and ground. The setting 
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of R4 determines the starting or refer- 
ence level of the sawtooth sweep pulse 
input. Since the starting level is the 
point from which each sweep on the CRT 
begins, R4 is adjusted to position the 
starting point of the sweep trace at the 
center of the CRT screen. Cathode by- 
pass capacitor C2 increases the response 
above 800 ke by shunting cathode re- 
sistor R6. This counteracts the tendency 
to decrease in response above 800 ke due 
to stray capacitance in the plate circuit 
of V1A. Resistor R5 is the plate load 
resistor for VIA. Voltage amplifier 
ViA has midband gain of approximately 
20 db. The output from the plate of VIA 
is coupled through resistor R7, zero-set 
variable resistor R29, and capacitor C3 
to the grid of voltage amplifier V1B. 
Zero-set variable resistor R29 varies de 
voltages throughout the PPI de amplifier 
in order to set the control grid of VIA 
to zero and thus maintain a low-impe- 
dance summing point. For example, 
when R29 is turned clockwise, the control 
grid voltage of V1B is biased more posi- 
tive. This more positive grid voltage 
causes the plate voltage of V1B to de- 
crease and the plate voltage of V2 (PU1) 
to increase. The increase in plate voltage 
of V2 is fed back to the grid of VIA 
through R14, R13, R12, and Rg, causing 
the grid voltage of V1A to increase. 
Thus, R29 can be used to adjust the grid 
voltage of VIA. Proper adjustment of 
R29 produces zero output of the de am- 
plifier for zero input. Capacitor C3 in- 
creases the response above 16 ke by shunt- 
ing R7 and part of R29. This counter- 
acts the tendency to decrease in response 
above 16 ke due to the input capacitance 
of VIB. Resistor R8 and part of R29 
serve as the grid load resistor. Resistor 
R9 is the plate load resistor for VIB. 
Cathode bypass capacitor C4 increases 
the response above 1,600 ke by shunting 
eathode resistor R10. This counteracts 
the tendency to decrease in response 


(2) 


above 1,600 ke due to stray capacitance 
in the plate circuit of VIB, Voltage am- 
plifier V1B has a midband gain of ap- 
proximately 20 db. { 
Phase splitting amplifier V2. Phase 
splitting amplifier V2 provides a push- 
pull output from a single input. The 
push-pull outputs are equal in amplitude 
and opposite in polarity. The output 
from the plate of V1B is coupled through 
resistor R15 in parallel with capacitor C8 
and resistor R20 to the control grid of 
V2 (PU1). Capacitor C8 increases the 
response above 16 ke by shunting R15. 
This counteracts the tendency to decrease 
in response above 16 ke due to the input 
capacitance of V2 (PU1). Resistors R16 
and R27 are the grid and the plate re- 
sistors of V2 (PUL), respectively, The 
output from the plate of V2 (PU1) is 
coupled through resistors R17, R18, R19, 
R32, R33, and R21 to the control grid of 
V2 (PU2). Capacitors C9, C10, and C11 
increase the response above 50 ke by 
shunting R17, R18,and R19. This coun- 
teracts the tendency to decrease in re- 
sponse due to stray capacitance in the 
plate cireuit of V2 (PU1) and the input 
capacitance of V2 (PU2). Resistors R22 
and R26 are the control grid and plate 
resistors of V2 (PU2), respectively. Re- 
sistor R28 is the screen grid resistor for 
V2; capacitor Ci5 is the sereen grid by- 
pass capacitor. The output from the 
plate of V2 (PU2) is fed back to the con- 
trol grid of V2 (PU2) through resistors 
R25, R24, R23, R32, R33, and R21. This 
degenerative feedback reduces the gain of 
V2 (PU2) to approximately unity. Ca- 
pacitors C12, C13, and ©14 increase the 
degenerative feedback above 50 ke by 
shunting R23, R24, and R25. This coun- 
teracts the tendency to decrease in feed- 
back due to stray capacitance in the plate 
circuit and the input capacitance of V2 
(PU2). Thus, V2 serves as a phase split- 
ting amplifier, since the output at the 
plate of V2 (PU2) is equal in amplitude 
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and opposite in phase to the out- 
put at the plate of V2 (PUl). 
The sawtooth sweep voltages at 
the plates of V2 are applied to 
connectors P2 and P3, These 
sawtooth sweep voltages drive 
a pair of deflection plates in 
the CRT of the PPI. The +1,550- 
volt plate supply for V2 is re- 
ceived at connector Ji, 

Feedback. Resistors R14, R13, 
R12, and R2 provide a degener~ 
ative feedback path between the 
output of V2 (PU1) and the grid 
of V1A. Capacitors C5, C6, and 
C7 increase the degenerative 
feedback above 80kc by shunting 
R14, Ri3, and R12, thus avoid- 
ing parasitic oscillators in the 
PPI de amplifier. Resistors 
Rll, R12, R13, and R14 form 
a voltage divider in the feed- 
back path, An additional de- 
generative feedback pathis pro~ 
vided from the plate circuits of 
V2 through crystal diodes CR2 
and CR8 to the grid of V1A. 
Symbol positioning. The X and 
Y symbol signals from the PPI 
marker generator are applied 
to P1-10 on the E-W and N-S 
PPI dcamplifiers, respectively. 
The X and Y analog de voltages 
are applied to P1-1 on the E-W 
and N-S PPI de amplifiers, re- 
spectively, Electronic gates Z1 
through Z4 gate these inputs so 
that first the sawtooth sweep 
pulse is applied to the PPI dc 
amplifiers, then the X and Y 
symbol signals and X and Y 
analog de voltages are applied 
to the PPI de amplifiers. The 
symbol signal is either 3cycles 
of a 12,5-ke sine wave or 3 
cycles of a full-wave rectified 
12.5-ke sine wave. The X or 
Y symbol signal at P1-10 is 
coupled through resistor R31 
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and capacitor C16 in parallel 
to the grid of VIA. Capacitor 
C16 increases the response 
above 50 kc by shunting R31. 
This counteracts the tendency 
to decrease in response above 
50 ke due to the input capac- 
itance of V1A. The X or Y 
symbol signal at the grid of 
V1A alternates about the x or 
Y analog de voltage at the grid 
of V1A, The output of the E-W 
PPI de amplifier is 3 cycles 
of a 12,5-ke sine wave alter- 
nating about the X analog de 
voltage. The output of the N-S 
PPI de amplifier is either 3 
cycles of a 12.5-ke sine wave 
or 3 cycles of a 12,5-ke full- 
wave rectified sine wave alter~ 
nating about the Y analog dc 
voltage. The X and Y analog de 
voltages determine the position 
at which the symbols are painted 
on the CRT screen, 

Expansion circuit. When EX- 
PANSION switch S3 (fig. 25) on 
the PPI is set to ON, expan- 
sion relay Kl on the PPI de 
amplifier is energized. This 
closes contacts 1 and 6 of K1, 
shorting resistor R30 and dou- 
bling the amplitude of the input 
signal to the grid of VIA. That 
is, when R30is shorted, the por- 
tion of the input signal formerly 
dropped across R30 now appears 
as an added portion of the grid 
signal. Doubling the amplitude 
of the input signal to VIA dou- 
bles the amplitude of the output 
voltages of the PPI dcamplifier 
and therefore doubles the sweep 
length on the PPI, Anoffset volt- 
age is developed by the voltage 
divider consisting of resistor 
R18, EXPANSION POSITION 
variable resistor R19 in paral- 
lel with expansion adjust vari- 
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Figure 25. (U} PPI de amplifier - expansion circuit - partial schematic 


diagram. 


able resistor R21, and resistor 
R20 connected between the +250- 
and -250-volt supplies. The off- 
set voltage is applied from the 
brush arm of R19 through EX- 
PANSION switch S3A and re- 
sistor R16 and R1 to the grid 
of V1A. This offset voltage es- 
tablishes a new reference level 
for input signals, resulting in 
a new starting point for sweep 
traces on the CRT, The ex- 
panded presentation on the PPI 
is discussed in greater detail 
in paragraph 33. Crystal diode 
CR1 provides protection from 
arcing for the contacts of $3 
on the PPI. 


38, (CMHA) PPI Video Amplifier 
9142869 

a. General. The PPI video amplifier 
produces pulses, and amplifies the ac- 
quisition video and marks. The sweep 
gate pulses generated in the end of 
sweep pulses, sweep gate pulses, un- 
blanking control channel determine the 
time of sweep on the cathode-ray tube 
screen of the PPI. Therefore, the sweep 
gate pulses determine the range repre~ 
sented by the sweep on the CRT screen. 
Two unblanking pulses are provided for 
unblanking the CRT, One unblanking pulse 
is generated from a gate produced in the 
control channel and is also a pedestal 
for the acquisition video and marks ap- 
plied to the CRT, The other is a sym- 
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bols unblanking pulse input from the PPI 
marker generator, 

b. Detailed Theory. The PPI video 
amplifier (fig. 8, TM 9-1430-257-20) 
contains two channels; the control chan- 
nel and the video channel, The control 
channel consists of monostable multivi- 
brator VLA and VIB, cathode follower 
V2A, and monostable multivibrator V3A 
and V3B. The video channel consists of 
video gate V4B, video amplifier V4A, 
symbol cathode follower V2B, and video 
mixer V5, The control channel generates 
sweep gate pulses and end of sweep 
pulses, and the video channel amplifies 
the symbols unblanking pulse and ac- 
quisition video and marks applied to 
the CRT. 

(1) Control channel, The input to 
the control channel is the syne 
pulse from the acquisition- 
track synchronizer. Outputs of 
the control channel are sweep 
gate pulses to the sweep gen- 
erator, end of sweep pulses to 
the PPI marker generator, and 
end of sweep pulses to the 
video channel, as described in 
(2) below. 

{a) Monostable multivibrator VIA 
and V1B. 

1. Monostable multivibrator 
V1A and VIB generates 
sweep gate pulses, Prior 
to application of signals, 
V1A4 is cut off and V1B is 
conducting. Because of the 
+250 volts applied through 
resistor R17 and range ad- 
just variable resistor R18 
to the grid of V1B, grid 
current flows, biasing V1B 
at a positive de potential. 
Cathode follower V2A is 
conducting heavily at this 
time. Since V2A has only 
a small resistance when 
conducting, the cathode is 
approximately +250 volts. 
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Thus, capacitor C9 (or C9 
and C10 or C9 and Cil, 
depending on the position of 
switch S1) maintains only a 
small charge, With V1B 
conducting, a positive volt- 
age developed across com- 
mon cathode resistor R14 
keeps V1A cut off, This is 
the quiescent state of the 
multivibrator. 

Positive sync pulses trig- 
ger the multivibrator into 
operation. A positive sync 
pulse at connector J3, cou- 
pled through crystal diode 
CR7 to the grid of V1A, 
drives ViA into conduction, 
This results in a negative- 
going pulse at the plate of 
Vid. Crystal CR7 acts asa 
clipper for the sync pulse. 
Positive signals allow CR7 
to conduct and are therefore 
passed through CR7 and de- 
veloped across grid load 
resistor R3, Negative sig- 
nals drive CR7 into cutoff, 
resulting in no signal at the 
grid of VIA. When V1A con- 
ducts, the voltage across 
Ril4 increases. At the same 
time, the negative pulse at 
the plate of V1A is coupled 
through V2A and capacitor 
C9 (or C9 and C10 or C9 
and C11) to the grid of 
VIB. This negative-going 
pulse at the grid and the 
positive voltage at the cath- 
ode causes a sharp cutoff 
of V1B, resulting in a pos- 
itive-going pulse at the 
plate. The time duration of 
the pulses of VIA and V1B 
depends on which capacitors 
(C9, C9 and C10, or C9 and 
C11) are in the circuit, The 
position of S1 determines 
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which capacitoris inthe cir- 
cuit. When C9 is in the cir- 
cuit, a 384418~microsecond 
pulse is developed. Capac- 
itor C9 and C10 in the cir- 
cuit imereases the time to 
768436 microseconds, and 
C9 and Cll to 1,600478 
microseconds. The length 
of the pulses represents 
60,000, 120,000, and 250,000 
yards in range. Variable re- 
sistor R18 is a fine adjust- 
ment for the pulse length, 
The remainder of the de- 
tailed theory is discussed 
with S1 in the 60,000-yard 
position, which places C9 
in the circuit. 


(b) Cathode follower V2A. Cath- 


ode follower V24 develops 
a sweep gate pulse for gating 
the video channel and the PPI 
marker generator. The nega- 
tive 395+10 - microsecond 
pulse at the plate of V1A is 
applied directly to the grid 
of V2A. This results in a 
negative 395+10-microsecond 
pulse at the cathode of V2A 
which is applied directly to 
connector J4, This pulse out- 
put is the end of sweep pulse 
for triggering the PPI marker 
generator to mark the end of 
the sweep period. Resistors 
KI and R8 form a voltage 
divider in the cathode circuit 
of V2A. Because of the volt~ 
age divider, the negative end 
of sweep pulse is reduced in 
amplitude for coupling to 
video gate V4B in the video 
channel. The amplitude of the 
end of sweep pulse coupled to 
V4B is approximately 25 per- 
cent of the end of sweep pulse 
developed at the cathode of 
V2A. This pulse is developed 
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across R9and coupled through 
eapacitor C6 and resistors 
R1l and R15 to the grid of 
V4B. This circuit is dis- 
cussed further in (2){a) be- 
low. Resistor R8, bypassed 
by capacitor C7, and resis- 
tor R9 are also in the charge 
path for C9. Capacitor C7 
presents a low impedance 
path as compared to R8 for 
the sharp rise time of the 
end of sweep pulse across 
R8&. The charge path for C9 
is from one plate of C9 through 
R18, R17, the +250-volt sup- 
ply, ground, R9, and R8 to 
the other plate of C9, This 
occurs when V1B is cut off. 
At the end of 395410 micro- 
seconds, the charging action 
of C9 raises the bias of VIB 
above cutoff and VIB con- 
duets. This drives V1A to cut- 
off, and the multivibrator is 
at quiescence, Capacitor C9 
discharges quickly through 
V2A, 

Monostable multivibrator 
V3A, Monostable multivibra- 
tor V3A provides one of the 
sweep gate pulse outputs of 
the PPI video amplifier. The 
positive pulse at the plate of 
V1B is coupled through series 
dropping resistor R19 inpar- 
allel with capacitor C13 to 
the grid of V3A. Capacitor 
C13 presents alowimpedance 
path as compared to R19 for 
the sharp rise and fall time 
of the pulse to the grid of 
V3A, This prevents degener- 
ation of the pulse shape. Grid 
bias for V3A is determined 
by the voltage divider con- 
sisting of resistors R20,R19, 
and Ri3 connected between the 
~250- and +250-volt supplies. 
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The positive pulse at the grid 
of V3A is amplified and in- 
verted by V3A, resulting in 
a negative pulse at the plate. 
This negative sweep gate 
pulse is applied directly to 
connector J2-1, The negative 
sweep gate pulse is also cou- 
pled through resistor R23 to 
the grid of monostable mul- 
tivibrator V3B. 

Monostable multivibrator 
V3B, Monostable multivibra- 
tor V3B provides the other 
sweep gate pulse output ofthe 
PPI video amplifier, Bias 
voltage for V3B is deter- 
mined by the voltage divider 
consisting of resistor R26, 
the series-parallel combina- 
tion of resistors R23 and R22 
with R25 and R28, resistors 
R21 and R10 connected be- 
tween the -250- and filtered 
+150-volt supplies. The +150- 
volt supply at connector J2-6 
is filtered by resistor R1 and 
capacitor Ci. The parallel 
combination of capacitor C8 
and R10 prevents fluctuations 
in voltage in the plate cir- 
cuits of V3 and V4 from af- 
fecting the +150-volt supply. 
Rapid changes are coupled 
through C8 and bypassed to 
ground through Cl. Slow 
changes are effectively damp~ 
ened by R10. Resistor R2pro- 
vides positive bias for fila- 
ments of V2, preventing arc- 
ing between the cathode and 
filaments. The negative sweep 
gate pulse at the grid of V3B 
is amplified and inverted by 
VSB, resulting in a positive 
pulse at the plate of V3B. 
The positive sweep gate pulse 
is applied directly to con~ 
nector J2-3, Because of equal 
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plate load resistors R22 and 
R28, the common cathode re- 
sistor R29, and the plate con- 
necting resistors R23 and R25 
between V3A and V3B, the gain 
of V3B is such that the output 
pulse is equal and opposite to 
the output of V3A, Therefore, 
the sweep gate pulses at J2-1 
and 3 are of equal amplitude 
and opposite polarity. The 
sweep gate pulses determine 
the time of the sweep on the 
PPI. 


(Q Switch Sl, Switch S1 (fig. 26) 


provides electromechanical 
action for the selection of 
C9, C10, or Cll in the mul- 
tivibrator VIA and V1B cir- 
cuit. Switch Sl is operated 
by a step solenoid connected 
electrically through SIA to 
RANGE switch 52 on the front 
of the PPI. 

1, Assume that the RANGE 
knob is operated to the 
120,000 - yard position. 
Switch 52A, by mechanical 
connection to the knob, is 
moved so that -28 volt is 
applied between contacts 4 
and 2. The -28 volts is ap- 
plied through connector P1- 
7, J2-7, SIA-12, S1A-5, and 
contact 2 of the step sole- 
noid tothe step solenoid coil. 
Capacitor C16 charges 
quickly to ~28 volts and the 
solenoid is operated. When 
the solenoid operates, con- 
tacts 2 and SiA-5 break, 
removing the -28 volts from 
the solenoid coil and C16. 
Switch SIA rotates in a 
counterclockwise motion 
and contact 12 is now at a 
detent on S1A. Switch SIB 
rotates and places capaci- 
tor C10 in the circuit. While 
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the solencid is operated, 
C16 discharges through the 
solenoid coil holdir, con- 
tacts 2 and S1A~5 open, The 
solenoid will release at the 
end of the discharge of C16. 
Since contact 12 is at a de- 
tent, the -28 volts is not 
applied again to the solenoid 
coil, The solenoid and switch 
remain in this position until 
the solenoidis operated once 
again. 


2. When S2 is operated to the 


250,000-yard position, a 
similar action takes place 
and S1A~-11 is at adetent on 
SIA. Similarly, S1B rotates, 
placing C11 in the multivi- 
brator V1A and V1B cir- 
cuit, The mechanical con- 
nection between the solenoid 
and switch is a spring and 
ratchet connection, When the 
solenoid is operated, the 
spring and ratchet rotate the 
switch. A single ball bear- 
ing, seated in a hole, locks 
the switch in each position, 
When the solenoid is deen- 
ergized, the spring is re- 
leased, preparing the ratch- 
et for the next cycle, The 
solenoid will cycle until no 
voltage is applied through 
S1A~5 and contact 2, In this 
manner, the selection of C9, 
C9 and C10, or C9 and Cll 
is accomplished. Crystal 
diode CR4 prevents arcing 
in the solenoid coil. Capac- 
itor C2 prevents transient 
voltages from causing 
surges of current through 
the solenoid coil. Surges of 
current could cause failure 
of the solenoid. The sole- 
noid is an integral part of 
Sl. Capacitors C17, C18, 
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and C19 are decoupling ca- 
pacitors for the -28 volt 
supply, 

(2) Video channel, The video chan- 
nel (fig. 8, TM 9-1430-257-20) 
receives three inputs: an end 
of sweep pulse from the con~ 
trol channel, described in (1) 
above; acquisition video and 
marks from the video and mark 
mixer; and a symbols unblank- 
ing pulse from the PPI marker 
generator. The outputs of the 
video channel, which are un- 
blanking pulses and amplified 
acquisition video and marks, 
are applied to the CRT. Two 
circuits are provided in the 
video channel for blanking the 
CRT. One circuit operates when 
the acquisition antenna is not 
rotating and the other when 
switching from the rotating 
sweep to the steerable azimuth 
line on the CRT sereen, Blank- 
ing the CRT during the switch~ 
ing time prevents blossoming 
on the screen, which would ob- 
scure video presentations, 

(a) Video gate V4B. Video gate 
V4B provides gating action 
for the video channel. The 
negative 395+10-microsec- 
ond end of sweep pulse from 
V2A is developed across RY 
and coupled through C6 and 
series dropping resistors R11 
and R15 to the grid of V4B. 
Crystal diode CR2 in parallel 
with R11 provides a quick dis- 
charge path for C6, When the 
positive-going trailing edge of 
the negative end of sweep 
pulse occurs, CR2 conducts. 
This results in a sharp trail- 
ing edge to the pulse. Because 
the cathode signal follows the 
grid signal, a negative end of 
sweep pulse is developed at 
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the cathode of V4B. The neg- 
ative pulse is developed a- 
cross resistor R7 and pede- 
stal adjust variable resistor 
R33. Both R7 and R33 are 
common cathode resistors of 
V4B and video amplifier V4A. 
The negative end of sweep 
pulse from V4B increases 
conduction of V4A, 

Video amplifier V4A. Video 
amplifier V4A amplifies and 
combines the acquisition 
video and marks and the 
sweep gate pulse. The neg- 
ative end of sweep pulse from 
V4B is amplified by V4A. 
The signal at the plate of 
V4A is a negative pulse. This 
pulse is a pedestal for the 
acquisition video and marks 
signals and an unblanking 
pulse for the CRT. The set- 
ting of R33 determines the 
amplitude of the pedestal. 
High level positive acquisi- 
tion video and marks signals 
at connector J5 are coupled 
through capacitor C3 to the 
grid of V4A. Crystal diode 
CR3 clips the negative por- 
tion of the input acquisition 
video and marks signals, Neg~ 
ative signals coupled through 
C3 drive CR3 into conduction, 
bypassing the signals to 
ground, This high-level clip- 
ping permits almost complete 
elimination of the negative 
portion of the signals with~ 
out loss of weak positive 
video. Positive signals cut 
off CR3 and are developed 
across a voltage divider made 
up of resistor R37 and R4, 
The voltage divider reduces 
the positive signals to avalve 
suitable for the grid of V4A. 
The positive acquisition video 
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and marks signals are ampli~ 
fied and inverted by V4A, re- 
sulting in negative signals at 
the plate. These signals are 
more negative than the nega- 
tive unblanking pulse. In- 
ductor Ll in the plate circuit 
of V4A prevents the high fre- 
quency acquisition video and 
marks signals from entering 
the +150-volt supply. The neg~ 
ative pedestal and acquisition 
video and marks signals at 
the plate of V4A are coupled 
through capacitor C4 to the 
control grid of video mixer 
V5. These signals are de- 
veloped across resistor R36, 
Crystal diode CR1 clips the 
positive portion of the sig- 
nals. Positive signals drive 
CR1 into conduction, bypas- 
sing the signals to ground, 
Negative signals cut off CR1 
and the signals are developed 
across R36, 

Symbol cathode follower V2B. 
Symbol cathode follower V2B 
provides the symbols un- 
blanking pulse for unblanking 
the CRT. The input signal to 
V2B is a negative 80-micro~ 
second pulse, This pulse oc- 
curs when symbols are to be 
painted on the PPI. The neg~ 
ative symbols unblanking 
pulse from the PPI marker 
generator at connector J6 is 
coupled to the grid of V2B. 
Resistor R24 forms part of 
a voltage divider which de~ 
termines the amplitude of the 
unblanking pulse. Since the 
cathode follows the grid, a 
negative pulse is developed 
across resistor R27. This 
negative symbols unblanking 
pulse is applied directly to 
the screen grid of V5. 
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(d) Video mixer V5. Video mixer V5 


{e) 


amplifies and mixes the acquisition 
video and marks that are applied 
to the CRT. The negative acquisi- 
tion video and marks signals com- 
bined with the negative pedestal 
from V4A at the control grid of 
V5 are amplified and inverted by 
V5. Positive acquisition video and 
marks signals atop the positive ped- 
estal at the plate are coupled 
through capacitor C15 to connector 
Pi. The pedestal unblanks the 
CRT, allowing the acquisition video 
and marks to be presented on 
the CRT, Negative symbols un- 
blanking pulses from V2B applied 
to the screen grid of V5 result in 
positive pulses at the plate. These 
positive pulses unblank the CRT 
during the symbol painting period. 
Inductor L2 in the plate circuit of 
V5 improves the high frequency 
response of V5 and prevents high 
frequency acquisition video and 
marks signals from entering the 
+ 250-volt supply. 

Blanking circuits. When ANTEN- 
NA-AZIMUTH RPM switch S7 
(fig. 27) on the acquisition control- 
indicator is placed in the OFF posi- 
tion, connector J2-11 of the PPI 
video amplifier is grounded. This 
places the plate of crystal diode 
CR6 at ground potential, which in 
turn essentially places the grid of 
V4B at ground, Thus, signals from 
V2A are essentially grounded, and 
this in turn keeps the CRT blanked. 
This blanking action takes place 
when the acquisition antenna is not 
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rotating. Crystal diode CR8 clips 
any positive signals at the grid of 
V4B. Positive signals are bypassed 
to ground by CR8. Negative sig- 
nals cut off CR8 and are developed 
across R12. When switching from 
the radial sweep to the steerable 
azimuth line on the CRT, AZI- 
MUTH switch S1 on the target 
designate control-indicator is op- 
erated. This activates steerable-azi- 
muth line relay K1 in the PPI, 
closing K1 contacts 10 and 4. A 
sharp positive pulse is coupled 
through capacitor C3 in the PPI 
and resistors R82 and R15 in the 
PPI video amplifier, The charge 
path is from one plate of C3, the 
+250-volt supply, ground, resistor 
R12, and R82 to the other plate of 
C3, At the same time, capacitor 
C4 discharges through K1 contacts 
2 and 9 and R6, The positive pulse 
at the grid of V4B, caused by the 
charging time of C8, results in 
blanking the CRT for the duration 
of the charging time of C8. A simi- 
lar action occurs when K1 is deener- 
gized. Capacitor C4 charges at this 
time in the same path as C3. Thus, 
two positive pulses developed 
across R12 blank the CRT during 
the switching action. Blanking the 
CRT prevents blossoming that 
would obscure the video presenta- 
tions on the CRT screen. 


Voltage divider. Resistors R35, 
R34, R10, and capacitor C8 form a 
voltage divider between —250 volts 
and +150 volts. 
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38.1 (U). PPI Video Amplifier 9985598 


a. General. The theory of PPI video ampli- 
fier 9985598 (fig. 8.1, TM 9-1480-257-20) 
is the same as PPI video amplifier 9142869, 
discussed in paragraph 88, except for the modi- 
fications described in 6 below. 


b. Detailed Theory. Resistor R4 is increased 
in value from 9100 ohms to 1 megohm and 
resistor R87 is removed completely. The video 
and marks signals applied at connector J5 are 
coupled through capacitor C3 to the grid of 
vV4A, Crystal diode CR3 clips the negative 
portion of the input signals. Positive signals 
cut off CR3 and are developed across grid re- 
sistor R4. The positive signals are amplified 
and inverted by V4A. 


39 (U), PPI Marker Generator 8157989, 
9007680 


a, General. The function of the PPI marker 
generator is to produce one of the three possi- 
ble symbols, designated by the fire unit 
integration facility (FUIF) equipment, for 
presentation on the PPI cathoderay tube 
sereen. The symbol produced, designating the 
status of the target, will be: a circle around 
the target video designating a foe; a semicir- 
cle around the target video, concave down, 
designating a friend; or, a defocused spot over 
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the target video designating that another bat- 
tery is tracking the target, Another function 
of the PPI marker generator is to produce a 
symbols unblanking pulse for unblanking the 
PPI, and two gate control pulses for switching 
the electronic gates. 

b. Detailed Theory. The PPI marker gen- 
erator (fig. 9, TM 9-1430-257-20) consists of 
pulse amplifier VIA for reducing noise and 
amplifying the ADP pulse; bistable multivi- 
brator V2A and V2B for generating a timing 
pulse pedestal; monostable multivibrator V3A 
and V3B for generating the timing pulses; 
start-stop oscillator V4A and V4B for generat- 
ing $ eycles of a 12.5-ke sine wave; squaring 
amplifier V5A and cathode follower V5B for 
squaring the sine-wave cycles in steps; 
switching multivibrator V6A and V6B for pro- 
ducing gate control pulses; unblanking ampli- 
fier V1B for producing the symbols unblanking 
pulse; and defocus amplifier V8A and cathode 
follower V8B for developing the defocusing 
pulse, 

Note. The key letters shown in parentheses in (1) 
through (8) below refer to figure 28. 

(1) Pulse amplifier VIA. The negative 
ADP pulse (A) at connector J5 


(fig. 9, TM 9-1480-257-20) is 
coupled through capacitor C1 
to the cathode of pulse ampli- 
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fier VIA, Cathode resistor R2 is unby- 
passed, reducing the voltage gain of VIA, 
Grounding the grid of VIA reduces 
noise and prevents regenerative feedback 
from being coupled from the plate to the 
grid by interelectrode capacitance. This 
feedback could cause oscillations in VIA. 
The overall result of an unbypassed cath- 
ode resistor and of grounding the grid 
in VIA is faithful reproduction of the 
ADP pulse and a high signal-to-noise 
ratio. Since the input to VIA is a nega- 
tive pulse at the cathode, the output at 
the plate is an amplified negative pulse. 
The negative pulse is coupled through ca- 
pacitor C2 and crystal diode CR1 to the 
grid of bistable multivibrator V2A. 
Crystal CR1 clips the input signals to the 
bias voltage of V2A. Therefore, signals 
more positive than the grid bias of V2A 
are blocked, Signals more negative than 
the bias of V2A are passed. These nega- 
tive signals are developed across resistor 
R4. 


(2) Bistable multivibrator V24 and V2B, 


(a) Bistable multivibrator V2A and V2B 
has two stable conditions; V2A con- 
ducting and V2B ent off, and V2A cut 
off and V2B conducting. Two triggers 
are required to complete 1 cycle of op- 
eration. When power is initially ap- 
plied to the marker generator, either 
condition (conduction or cutoff) of 
V2A and V2B may exist. After the 
monostable multivibrator, described in 
{3} below, has completed the first 
cycle of operation, normal operation of 
V2A and V2B is effected. During 
normal operation, prior to application 
of _ the negative pulse from VIA, V2A 
is conducting and V2B is cut off. Bias 
for V2A is developed by the voltage 
divider consisting of resistors R7, R10, 
and R11 connected between the —250- 
and +150-volt supplies. Bias for 
V2B is developed by the voltage di- 
vider consisting of resistors R8, R6, 
and R5 connected hetween the —250- 


and +150-volt supplies. Resistors R4 
and R16 in the grid cirenit of V2A and 
V2B develop grid signals. 


(8) When the negative pulse at the plate 


of VIA is coupled through C2 and 
CRI, V2A cuts off, producing a posi- 
tive pulse at the plate. This positive 
pulse is coupled through capacitor C3 
in parallel with R6 to the grid of V2B. 
Thepositive pulse drives V2B into con- 
duction. Capacitor C3 presents a low 
impedance path as compared to R6 for 
the sharp rise time of the pulse. This 
causes rapid switching of V2B from 
cutoff to conduction, The multivibra- 
tor will remain in this state, V2A cut 
off and V2B conducting, until a nega- 
tive pulse from monostable multivibra- 
tor V3B, described in (3) below, ap- 
pears at the grid of V2B. 


(c) The positive pulse at the plate of V2A 


is also coupled through resistor R9, 
pedestal adjust variable resistor R12, 
and capacitor C5 in parallel with re- 
sistor R17 to the grid of monostable 
multivibrator V3A. Capacitor C5 
presents a low impedance path as com- 
pared to R16 for the sharp rise time of 
the pulse. Thus, the sharp rise time of 
the pulse is maintained at the grid of 
V3A. The positive pulse forms a ped- 
estal (B) for a second input to the grid 
of V3A. Variable resistor R12 is ad- 
justed to raise the grid voltage of V3A 
just below the cutoff voltage when the 
pedestal is applied to the grid of V3A. 


(3) Monostable multivibrator V3A and V3B. 
(a) At quiescence, prior to the application 


of the positive pulse from V2A (fig. 
9, TM 9-1430-257-20), V3A is cut off 
and V3B is conducting. However, two 
inputs are required to trigger V3A into 
conduction. The pulse from V2A alone 
is not sufficieat amplitude to drive V3A 
into conduction. Bias for V3A is de- 
veloped by the voltage divider consist- 
ing of resistors R18, R12, R9, and RS 
connected between the -250- and 
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+150-volt supplies. Since the cathode 
of V3B is connected through resistor 
R20 to the —250-volt supply and the 
plate through resistor R22 to the +250- 
volt supply, V3B will conduct with no 
signal applied. The positive pulse 
from V2A forms a. pedestal for the in- 
put signal to V3A. 

When a negative end of sweep pulse 
(C) is applied at connector J6 (fig. 9, 
TM 9-1430-257-20), the leading and 
trailing edges of the end of the sweep 
pulse are differentiated by capacitor C6 
and resistor R13. The negative-going 
leading edge is differentiated into a 
negative pip (D), and the positive- 
going trailing edge into a positive pip. 
The negative pip is coupled through 
capacitor C7 (fig. 9, TM 9-1430-257- 
20) and resistor R14 to the grid of 
V3A, Since V3A is cut off, the nega- 
tive pip has no effect on the circuit. 
The positive pip is coupled through C7 
and R14 to the grid of V3A. This posi- 
tive pip atop the pedestal from V2A 
causes V3A to conduct, resulting in a 
negative pulse (E) at'the plate of V3A 
(fig. 9, TM 9-1430-257-20). The neg- 
ative pulse is coupled through capacitor 
C10 to the grid of V3B, driving V3B 
to cutoff. At the end of 240 microsec- 
onds, V3B returns to conduetion be- 
cause of the discharging of C10 through 
resistor R21. The discharge path is 
from one plate of C10 through R21, 
ground, the —250-volt supply, R20, and 
V3A to the other plate of C10. The 
resultant negative-going trailing edge 
of the positive 240-microsecond pulse 
(F) at the plate of V8B is cou- 
pled through capacitor C9 (fig. 9, TM 
9-1430-257-20) to the grid of V3A. 
This drives V3A to cutoff, returning 
V8A and V3B to quiescence, 

The positive 240-microsecond pulse at 
the plate of V3B is differentiated by 
capacitor C8 and resistor R15 and R16 
at the grid of V2B. Since V2B is con- 


ducting, the positive pip (G) (leading 
edge of pulse) has no effect on the cir- 
cuit. The negative pip (trailing edge 
of pulse) drives V2B to cutoff, which 
in turn drives V2A into conduction. 
Thus, V2A and V2B are returned to 
quiescence. The negative 240-micro- 
second pulse at the plate of V3A is 
coupled through crystal diode CR2 and 
capacitor C11 to the grid of V4A. 
Crystal diode CR2 conducts when the 
plate voltage of V3A drops below 
+150 volts. Therefore, the ampli- 
tude of the negative pulse coupled to 
the grid of V4A is clamped at +150 
volts by CR2. 


(4) Start-stop oscillator V4A and V4B. 
(a) Prior to the application of the negative 


(B 


pulse from V3A, V4A is conducting. 
Current flows through the tank circuit 
composed of inductor Li and capaci- 
tors C12 through C15. The capacitors 
charge to the potential developed 
across L1 and retain the charge. Thus, 
conduction of V4A prevents the tank 
circuit from oscillating. At this same 
time, V4B is conducting because of the 
negative voltage at the cathode. The 
negative voltage is developed across 
the voltage divider consisting of re- 
sistors R28, R73, oscillator level vari- 
able resistor R27, and L1-3 and 2 con- 
nected between the —250-volt supply 
and ground. 

The negative pulse from V3A drives 
V4A to cutoff for 240 microseconds, 
cutting off current flow through L1. 
Capacitors C12 through C15 discharge 
through LI, starting oscillations in the 
tank circuit. The output signal of the 
tank circuit is coupled through capaci- 
tor C17 to the grid of W4B. This sig- 
nal is developed across resistor R26. 
When the output of the tank circuit is 
positive, the grid of V4B is positive, 
causing increased conduction through 
L1-2 and 3, R27, and V4B. In this 
manner, V4B produces regenerative 
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feedback to the tank circuit to main- 
(ain oscillations. The strapping con- 
nection of C12, C13, and C14 in paral- 
Jel with C15 is connected to make the 
tank circuit oscillate at exactly 12.5 
kilocyeles. This is a factory adjust- 
ment and will not be changed in the 
field. Since the tank circuit oscillates 
for 240 microseconds, three complete 
sine waves (H) are produced at the 
cathode of V4B. The setting of R27 
(fig. 9, TM 9-1430-257-20) determines 
both the amplitude and the reference 
level of the sine waves. 

The sine waves at the cathode of V4B 
are applied through R78 to the pri- 
maries of transformers T1, T2, and T3. 
The operation of T1, T2, and T3 de- 
pends on the grounding of connector 
J2-1, 8, or 5. When J2-1 is grounded, 
output signals are developed by T1 and 
T2, producing a cirele on the PPI. 
When J2-3 is grounded, outputs are de- 
veloped by T1 and T3, producing a 
semicircle on the PPI. When J2-5 is 
grounded, no output is developed by 
T1, T2, or T3. This is discussed fur- 
ther in (9) below. The grounding of 
J2-1, 3, or 5 is accomplished in the 
FUIF equipment during operation or 
by TEST switch Si on the PPI test 
panel during checks and adjustments, 


1.In the secondary of Tl, capacitor C18 
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and resistor R29 form an RC net- 
work to shift the output signal 90° 
with respect to the input signal. The 
signal developed across T1-4 and 3 
is 180° out of phase with respect to 
the signal developed across T1-4 and 
5. Consider now the separate 
branches. Since the branch through 
resistors R29, R52, and X amplitude 
variable resistor R30 is resistive, the 
signal is in phase with the signal 
across T14 and 3. In the branch 
through ©18, R52, and R30, there 
are two components of the signal; 
the signa! developed by the reactance 


of C18 and the signal developed by 
the resistance of R52 and R30, The 
signal from the branch of T1-4 and 5 
and the branch of T1—4 and 3 re- 
sults in a signal with a phase shift 
of 90°. The output of T1 is coupled 
through R52 and R30 to connector 
J24. This X symbol signal (J) is 
three sine waves shifted 90° with re- 
spect to the input sine waves (H). 
The setting of variable resistor R30 
(fig. 9, TM 9~1430-257-20) deter- 
mines the amplitude of the X symbol 
signal at J2-4. 

2. With J2-1 grounded, the output sig- 
nal of T2 is developed across resistor 
R82 and coupled through resistors 
R31, R53, and Y amplitude variable 
resistor R74 to J2-8, The setting of 
R74 determines the amplitude of the 
Y symbol signal at J2-8. The Y 
symbol signal from the secondary 
of T2 is three sine waves (H) in 
phase with the input signals. In the 
secondary of T3 (fig. 9, TM 9-1430- 
257-20), erystal Blokes CR5 and CR6 
and resistor R32 form a full-wave 
rectifier. With J2-3 grounded, the ¥ 
symbol signal output (K) of T3 is 
developed across R32 and coupled 
through R31, R53, and R74 to J2-8. 

(5) Squaring amplifier V6A. The output 

(A) of V4B is also applied through re- 

sistor R33 (fig. 9, TM 9-1430-257-20) to 

the grid of squaring amplifier V5A. 

Squaring amplifier V5A is driven to sat- 

uration and cutoff by the sine waves, The 

output of V5A (L) is three squared sine 
waves, These square waves are coupled 

through capacitor C19 (fig. 9, TM 9- 

1430-257-20) to the grid of cathode fol- 

lower V5B. During the positive half- 

cycle of the squared sine wave, V5B con- 
ducts. During the negative half-cycle of 
the squared sine wave, V5B is cut. off, 

The resultant waveform (M) at the cath- 

ode of V5B is three positive 80-microsec- 

ond pulses. The pulses have a steep lead- 
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ing edge and a sloping trailing edge. The 
sloping trailing edge is caused by the dis- 
charge of capacitor C21 (fig. 9, TM 9- 
1420-257-20) through resistor R87. 
However, at this time the plate signal of 
V4A is being applied to the cathode 
through resistors R39 and R38. The sig- 
nal (N) at the plate of V4A is a rising 
voltage for 240 microseconds. Although 
V4A (fig. 9, TM 9-1430-257-20) cuts off 
quickly when the negative pulse from 
V3A is coupled to the grid of V4A, the 
plate voltage will rise exponentially. The 
charging action of capacitor C16 in the 
plate circuit of V4A causes the exponen- 
tial rise. The rising voltage from V4A 
with the three positive pulses from V5B 
form a three-step pulse (P). Each step 
is 80 microseconds wide. The three-step 
pulse is coupled through capacitor C23 
(fig. 9, TM 9-1430-257-20) to the grid of 
V6A. The waveform is also coupled 
through resistor R38, capacitor C22, and 
capacitor C30 and resistor R41 in paral- 
Jel to the grid of VIB. Capacitor C30 
presents a low impedance path as com- 
pared to R41 for the sharp rise times of 
the step pulse. 


(6) Switching maltivibrator V6A and V6B. 
(a) Prior to application of the step pulse 


from, V5B and the positive pulse from 
V3B, switching multivibrator V6A is 
conducting and switching multivibra- 
tor V6B is cut off. Bias for V6B is 
developed by the voltage divider con- 
sisting of resistors R46 and R54 con- 
nected between the —250-volt supply 
and ground. Bias is applied to the grid 
of V6A through resistor R40 and gate 
pulse adjust variable resistor R49. 

Inputs to V6A and V6B are received 
simultaneously. The positive 240- 
microsecond pulse at the plate of V3B 
is coupled through capacitor C27 to the 
grid of V6B; the three-step pulse is 
coupled through C23 to the grid of 
V6A. The positive pulse at the grid in 
V6B drives V6B into conduction, 


{e 


negative-going pulse (R) is developed 
at the plate. This pulse is coupled 
through crystal diode CR7 and resistor 
R42 in parallel and capacitor C24 to 
the grid of V6A. The negative pulse 
is of sufficient amplitude to cut off V6A. 
Maultivibrator V6A remais cut off un- 
til the step pulse at the grid is of suf- 
ficient amplitude to override the nega- 
tive pulse from V6B. Variable resistor 
R49 is adjusted to cause V6A to con- 
duct upon application of the third step 
of the step pulse (P). This results in 
a positive pulse (Q) for 160 microsec- 
onds at the plate of V6A. 

The negative-going trailing edge of the 
positive pulse (Q) at the plate of V6A 
coupled through capacitor C25 (fig. 9, 
TM 9-1430-257-20) is of sufficient am- 
plitude to drive V6B to cutoff. This 
action causes a rise in the plate voltage 
of V6B and terminates the negative 
160-microsecond pulse (R). Crystal 
CRi7 (fig. 9, TM 9-1430-257-20) will 
conduct during the negative pulse at 
the plate of V6B, allowing the pulse to 
be coupled through C24 to the grid of 
V6A. When the positive step pulse 
at the grid of V6A overrides the nega- 
tive pulse from the plate of V6B, CR7 
cuts off because the plate voltage of 
V6B is more positive than the step 
pulse. The large value of R42 and 
nonconduction of CR7 isolate the plate 
of V6B from the positive step pulse. 
This prevents V6B from conducting 
upon application of the third step of 
the step pulse, 


(7) Cathode followers V7A and V7B. The 


positive 160-microszcond pulse from 
V6A is applied through resistor R43 to 
the grid of cathode follower V7B. This 
results in a positive 160-microsecond gate 
control pulse at the cathede of V7B. 
Grid bias for V7B is the voltage drop 
across resistor R51 which is part of a 
voltage divider consisting of resistors 
R51, R43, and R44 connected between 
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the —250- and +250-volt supplies. 
The negative 160-microsecond pulse 
from V6B is applied through resistor 
R45 to the grid of cathode follower 
VTA. This results in a negative 160- 
microsecond gate control pulse at the 
cathode of V7A. Grid bias for V7A is 
the voltage drop across resistor R50 
which is part of a voltage divider con- 
sisting of resistors R50, R45, and R47 
connected between the —250- and 
+250-volt supplies. The negative gate 
control pulse is developed across cath- 
ode resistors R57 and R56 and ap- 
plied directly to connector J2-11. The 
positive gate control pulse at the 
eathode of V7B is developed across 
resistors R58 and R56 and applied 
directly to J2-12. The positive pulse 
is also coupled through capacitor C28 
and resistor R59 to the grid of VIB. 


(8) Unblanking amplifier ViB. Prior to 


application of the step pulse from 
V5B and the positive pulse from V7B, 
unblanking amplifier V1B is cut off. 
Bias for V1B is developed across the 
voltage divider consisting of resistor 
R72, symbols unblanking pulse ad- 
just variable resistor R71, and resis- 
tor R70 connected between the —25- 
volt supply and ground. The inputs 
to V1B are the positive 160-microsec- 
ond pulse (Q) and the three-step 
pulse (P). The resultant waveform 
(8) at the grid of VIB is two rising 
step voltages for 160 microseconds 
and a lower step voltage for 80 micro- 
seconds followed by a negative return 
to quiescence at the end of the 240- 
microsecond period. Variable resistor 
R71 (fig. 9, TM 9-1430-257-20) is ad- 
justed to cause V1B to conduct upon ap- 
plication of the second step only. 
Crystal diode CR8 clamps the positive 
pulse from V7B to the bias voltage de- 
termined by the setting of R71. The 
output waveform (T) at the plate of 
V1B is a negative 80-microsecond sym- 
bols unblanking pulse. This pulse occurs 
between 80 and 160 microseconds of 
the 240-microsecond operating period 
of the marker generator. The negative 
80-microsecond symbols unblanking 
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pulse is coupled through capacitor C29 
(fig. 9, TM 9-1430-257-20) to con- 
nector J4 and through series dropping 
resistor R64 and resistor R65 to the 
grid of V8A. Resistor R65 limits the 
flow of grid current in V8A. 

(9) Defocus amplifier V8A and cathode 
follower V8B, Bias for defocus am- 
plifier V8A is developed by the volt- 
age divider consisting of resistors 
R62, R61, and R60 connected between 
the —250- and +150-volt supphes 
The bias also depends on the ground- 
ing of J2-5. Normal operation occurs 
when J2-5 is not grounded and V8A 
is conducting heavily. At this time, a 
negative pulse from V1B fails to over- 
come the bias voltage and V8A con- 
tinues conducting. When J2-5 is 
grounded, the bias voltage is reduced 
considerably, reducing conduction in 
V8A. A negative 80-microsecond pulse 
from V1B at this time drives V8A to 
cutoff. This results in a positive 
pulse at the plate of V8A. The posi- 
tive pulse is applied through resistor 
R67 to the grid of cathode follower 
V8B. Grid bias for V8B is the volt- 
age drop across resistor R68 which is 
part of the voltage divider consisting 
of resistors R68, R67, and R66 con- 
nected between the —250- and +250- 
volt supplies. The cathode of V8B fol- 
lows the grid and a positive pulse is 
applied directly to connector J3. This 
pulse is developed across the primary 
of transformer T1 in the PPI to pro- 
duce a defocused spot on the PPI. 
Transformer T1 is connected exter- 
nally to J3. 

c. PPI Marker Generator 9007690. PPI 
marker generator 9007680 (fig. 9, TM 9-1430- 
257-20) is similar to PPI marker generator 
8157989, discussed in @ and b above. Detailed 
theory of the two units remains the same as in 
b above. Differences between the two units are: 
V7 is changed from 5814A to 5687; R43 and 
R465 are removed from the circuit; resistor R75 
and capacitor C31 in parallel are added in the 
cathode circuit of V6; the plate supply of V6 
and V7 is changed from +250 to +150 volts; 
and component values change in the circuitry 
associated with V6 and V7. In the older model 


La 


CONFIDENTIAL soci Handing authorized 


TM 9-1430—250-35 


PPI marker generator 8157989, V7 was oper- 
ating outside the normal tube limits. This re- 
sulted in unstable operation of V7. The unsta- 
ble operation of V7 caused jitter on the PPI 
sereen. By replacing V7 with the present tube 
5687, reducing the plate supply, and changing 
values of the components, jitter on the PPI 
screen is reduced. 


39.1 (CMHA). PPI 9986454 

PPI 9986454 (fig. 72, TM 9-1480-257-20) 
is the same as PPI 9142868 discussed in para- 
graph 33 except for the following modifica- 
tions: 

a, The PPI contains 12 subassemblies listed 
in (1) through (6) below. 

(1) Modulation eliminator 9007951. 
(2) Sweep generator 9143168. 

(3) PPI de amplifier 9986059 (2). 
(4) PPI video amplifier 9986410. 
(5) PPI marker generator 9143202. 
(6) Electronic gate 9007695 (6). 

b. Three-position RANGE switch 82 is re- 
placed by a four-position switch with incre- 
ments of 50,000, 150,000, 250,000, and 350,000 
yards. The 350,000-yard display can be selected 
only in the HIPAR mode of operation. If the 
350,000-yard range presentation is selected 
when LOPAR is being used, an interlocking 
circuit causes the PPI scope to blank. A ground 
from connector J1-P shorts the video signal to 
ground when $2 is in the maximum range 
position. This operation presents ground to 
J1i-P until RADAR SELECT switch 54 on 
the acquisition control-indicator is placed to 
the HIPAR position. 


39.2 (U). Modulation Eliminator 9007951 
See paragraph 34. 


39.3 (U). Sweep Generator 9143168 

a. General. The sweep generator provides 
two variable amplitude sawtooth sweep volt- 
ages, 90° out of phase with each other. These 


sawtooth sweep voltages are developed from 
two independent sine-wave input signals 90 
out of phase with each other, representing the 
N-S and E-W coordinates of the low-power 
acquisition antenna position. The sawtooth 
sweep voltages are used to drive the deflection 
plates of the PPI. 

b. Detailed Theory. Sweep generator 9143168 
(fig. 73, TM 9-1430-257-20) is the same as 
sweep generator 8518032, discussed in para- 
graph 35, except for the following modifica- 
tions: 

(1) The repetition rate of the sweep gate 
pulses is 500 pps for LOPAR opera- 
tion and 400 to 445 pps for HIPAR 
operation. 

(2) ¥ cathode follower V5A is replaced 
by Y cathode follower V5B. 

(3) The number of sawtooth sweeps de- 
veloped by C1 during 1 cycle of input 
signal to VIA, given in paragraph 
850 (4) (c), applies for LOPAR oper- 
ation only. The repetition of the sweep 
gate pulse in HIPAR operation is 400 
to 445 pps. The number of sawtooth 
sweeps developed by C1 is a function 
of this repetition rate. Assume a rep- 
etition rate of 400 pps in HIPAR op- 
eration. With an antenna rotation 
rate of 0.166 rps (10 rpm), C1 pro- 
vides 2400 variable amplitude output 
sawtooth sweeps per cycle of antenna 
rotation. With an antenna rotation 
rate of 0.111 rps (6.67 rpm); C1 pro- 
vides 3600 variable amplitude output 
sawtooth sweeps per cycle of antenna 
rotation. 


39.4 (U). Electronic Gate 9007695 

Electronic gate 9007695 is identical to elec- 
tronic gate 8517934 discussed in paragraph 36 
except that electronic gate 9007695 is a plug- 
in unit while electronic gate 8517934 has sol- 
der lug terminals. 
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39.5 (U). PPi DC Amplifier 9986059 

The theory of operation of PPI DC ampli- 
fier 9986059 (fig. 72.1, TM 9-1430-257-20) is 
the same as the theory for PPI DC amplifier 
9005503 discussed in paragraph 37. 


39.6 (CMHA). PPI Video Amplifier 9986410 

a, General. The PPI video amplifier pro- 
duces pulses, and amplifies the acquisition video 
and marks, The sweep pulses generated in the 
end of the sweep branch and the sweep gate 
branch of the unblanking control channel de- 
termine the time of sweep on the cathode-ray 
tube screen of the PPT. Therefore the sweep 
gate pulses determine the range represented 
by the sweep on the CRT screen. Two unblank- 
ing pulses are provided for unblanking the 
CRT. One unblanking pulse is generated from 
a gate produced in the control channel and pro- 
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vides unblanking for the acquisition video and 
marks applied to the CRT. The other is a sym- 
bols unblanking pulse input from the PPI 
marker generator. 


b. Detailed Theory. The PPI video amplifier 
(fig. 74, TM 9-1430-257-20) contains two 
channels: the control channel and the video 
channel. The control channel consists of mono- 
stable multivibrator VIA and V1B, cathode 
follower V2A, final amplifier V3A, and final 
amplifier phase inverter V3B. The video chan- 
nel consists of video gate V4B, video amplifier 
V4A, blanking amplifier V6A, pulse amplifier 
V6B, symbol cathode follower V2B, and video 
mixer V5, The control channel generates sweep 
gate pulses and end of sweep pulses, and the 
video channel amplifies the symbols unblanking 
pulse and acquisition video and marks applied 
to the CRT. 
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(1) Controt channel. The input to the con- 
trol channel is the sync pulse from 
the acquisition-track synchronizer, 
Outputs of the control channel are 
sweep gate pulses to the sweep gen- 
erator, end of sweep pulses to the 
PPI marker generator, and end of 
sweep pulses to the video channel, as 
described in (2) below. 


(a) Monostable multivibrator VIA and 
Vib. 


1. Monostable multivibrator VIA 
and V1B generates sweep gate 
pulses. Prior to application of sig- 
nals, VLA is cut off and V1B is 
conducting. Because of the +250 
volts applied through resistor R17 
and range adjust variable resis- 
tor R18 to the grid of V1B, grid 
current flows, biasing VIB at a 
positive de potential. Cathode fol- 
lower V2A is conducting heavily 
at this time. Since V2A has only 
a small resistance when conduct- 
ing, the cathode is at approxi- 
mately +250 volts. Thus, capaci- 
tor C9 (or C9 and C10, C9 and 
Cli, or C9 and C20, depending 
on the position of switch $1) 
maintains only a small change. 
With V1B conducting, a positive 
veltage developed across common 
cathode resistor R14 keeps VIA 
cut off. This is the quiescent state 
of the multivibrator, 


2. Positive syne pulses trigger the 
multivibrator into operation. A 
positive sync pulse at connector 
J8, coupled through crystal diode 
CR? to the grid of VIA, drives 
V1A into conduction. This results 
in a negative-going pulse at the 


plale of VIA, Crystal CR7 acts as 
a clipper for the syne pulse. Posi- 
tive signals allow CRY to con- 
duct and are therefore passed 
through CR? and developed across 
grid load resistor R3. Negative 
signals drive CR7 into cutoff, re- 
sulting in no signal at the grid of 
V1A. When V1A conducts, the 
voltage across R14 increases. At 
the same time, the negative pulse 
at the plate of VIA is coupled 
through V2A and capacitor C9 
(or C9 and C10, C9 and C11, or 
C9 and C20) to the grid of V1B. 
This negative-going pulse aft the 
grid and the positive voltage at 
the cathode cause a sharp cutoff 
of V1B, resulting in a positive- 
going pulse at the plate. The time 
duration of the pulses of VIA and 
V1B depends on which capacitors 
(C9, C9 and C10, C9 and C11, or 
C9 and C20) switch S1 connects 
in the circuit. When C9 is in the 
circuit, a pulse of approximately 
805 microseconds is developed. 
Capacitors C9 and C10 in the cir- 
cuit increase the time to about 
915 microseconds. Capacitors C9 
and C11 in the circuit increase 
the time to about 1525 microsec- 
onds, and C9 and C20 to about 
2185 microseconds. The length of 
the pulses represents 50,000, 
150,000, 250,000 and 350,000 
yards in range. Range adjust var- 
jable resistor R18 is a fine adjust- 
ment for the pulse length. The 
remainder of the detailed theory 
is discussed with $1 in the 50,000- 
yard position, which places C9 in 
the circuit, 
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(6) Cathode follower V2A. Cathode (c) Final amplifier V3A. Final amplifier 


follower V2A develops a sweep gate 
pulse for gating the video channel 
and the PPI marker generator. The 
negative 205-microsecond pulse at 
the plate of VIA is applied di- 
rectly to the grid of V2A. This re- 
sults in a negative 305-microsecond 
pulse at the cathode of V2A which 
is applied directly to connector J4. 
This pulse output is the end of 
sweep pulse for triggering the PPI 
marker generator to mark the end 
of the sweep period. Resistors R9 
and R8& form a voltage divider in 
the cathode circuit of V2A. Be- 
cause of the voltage divider, the 
negative end of sweep pulse is re- 
duced in amplitude for coupling to 
video gate V4B in the video chan- 
nel. The amplitude of the end of 
sweep pulse coupled to V4B is ap- 
proximately 25 percent of the end 
of sweep pulse developed at the 
cathode of V2A. This pulse is devel- 
oped across R9 and coupled through 
capacitor C6 and resistors R11 and 
R15 to the grid of V4B. This circuit 
is discussed further in (2) (a) be- 
low. Resistor R8, bypassed by ca- 
pacitor C7, and resistor R9 are also 
in the charge path for C9. Capaci- 
tor C7 presents a low impedance 
path as compared to R8& for the 
sharp rise time of the end of sweep 
pulse across R&. The charge path 
for C9 is from one plate of C9 
through R18, R17, the +250-volt 
supply, ground, R9, and R8 to the 
other plate of C9. This occurs when 
V1B is cut off. At the end of 305 
microseconds, the charging action 
of C9 raises the bias of V1B above 
cutoff and V1B conducts. This 
drives V1A to cutoff, and the mul- 
tivibrator is at quiescence. Capaci- 
tor C9 discharges quickly through 
V2A. 


(d) 


V3A provides one of the sweep gate 
pulse outputs of the PPI video am- 
plifier. The positive pulse at the 
plate of V1B is coupled through se- 
ries dropping resistor R19 in paral- 
Iel with variable capacitor C18 to 
the grid of V3A. Capacitor C18 pre- 
sents a low impedance path, as com- 
pared to R19, for the sharp rise and 
fall time of the pulse to the grid of 
V3A. This prevents degeneration on 
the pulse shape. Grid bias for V8A 
is determined by the voltage divider 
consisting of resistors R20, R19, 
and R18 connected between the 
—250 and +250-volt supplies, The 
positive pulse at the grid of V8A is 
amplified and inverted by V3A, re- 
sulting in a negative pulse at the 
plate. This negative sweep gate 
pulse is applied directly to connector 
J2-1, The negative sweep gate pulse 
is also coupled through resistor R23 
to the grid of final amplifier phase 
inverter V3B. 

Final amplifier phase inverter V3B. 
Final amplifier phase inverter V3B 
provides the other sweep gate pulse 
output of the PPI video amplifier. 
Bias voltage for V3B is determined 
by the voltage divider consisting 
of resistor R26, the series-parallel 
combination of resistors R23 and 
R22 with R25 and R28, and resis- 
tors R21 and R10 connected be- 
tween the —250 and filtered +-150- 
volt supplies. The +150-volt supply 
at connector J2-6 is filtered by re- 
sistor R1 and capacitor C1, Capaci- 
tor C8 and resistor R10 prevent 
fluctuations in voltage in the plate 
circuits of V3 and V4 from affect- 
ing the +150-volt supply, Rapid 
ehanges are coupled through C3 
and C1 to ground. Slow changes are 
effectively dampened by R10. Re- 
sistor R2 provides positive bias for 
the filaments of V2, preventing arc- 
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ing between the cathode and the 
filaments. The negative sweep gate 
pulse at the grid of V3B is ampli- 
fied and inverted by V3B, resulting 
in a positive pulse at the plate of 
V8B. The positive sweep gate pulse 
is applied directly to connector 
J2-3. Because of equal plate load 
resistors R22 and R28 and the com- 
mon cathode resistor R29, the gain 
of V3B is such that the output pulse 
is equal and opposite to the output 
of V3A. Therefore, the sweep gate 
pulses at J2-1 and 3 are of equal 
amplitude and opposite polarity. 
The sweep gate pulses determine 
the time of the sweep on the PPI. 


(e) Switch St. Switch $1 (fig. 28.1) pro- 


vides electromechanical action for 
the selection of C9, C9 and C10, 
C9 and Cli, or C9 and C20 in the 
multivibrator ViA and V1B cir- 
cuit. Switch S1 is operated by a 
step solenoid connected electrically 
through S1A to RANGE switch $2 
on the front of the PPI. 


1, Assume that the RANGE knob is 
operated to the 150,000-yard po- 
sition. Switch S2A, by mechani- 
cal connection to the knob, is 
moved so that —28 volts is ap- 
plied between contacts 6 and 2. 
The —28 volts is applied through 
connector P1-7, J2-7, S1A-12, 
S$1A-5, and contact 2 of the step 
solenoid to the step solenoid coil. 
Capacitor C16 charges quickly to 
—28 volts and the solenoid is op- 
erated. When the solenoid oper- 
ates, contacts 2 and S1A-5 break, 
removing the —28 volts from the 
solenoid coil and C16. Switch 
SIA rotates in a counterclockwise 
direction and contact 12 is now at 
a detent on S1A. Switch S1B 
rotates and places capacitor C10 
in the circuit in parallel with C9, 
While the solenoid is operated, 


w 


C16 discharges through the sole- 
noid coil holding contacts 2 and 
814-5 open. The solenoid will re- 
lease at the end of the discharge 
of C16. Since contact 12 is at a 
detent, the —28 volts is not ap- 
plied again to the solenoid coil. 
The solenoid and switch remain 
in this position until the solenoid 
is operated again, 


. When S2 is operated to the 


250,000-yard position, a similar 
action takes place and S1A-11 
is at a detent on S1A. Similarly, 
S1B rotates, placing C11 in par- 
allel with C9 in the multivibrator 
VIA and ViB circuit. When S2 
is operated to the 350,000-yard 
position, S1A-10 is at a detent 
on S1A. Similarly, S1B rotates, 
placing C20 in parallel with C9 in 
the multivibrator circuit. The me- 
chanical connection between the 
solenoid and switch is a spring 
and ratchet connection. When the 
solenoid is operated, the spring [| 
and ratchet rotate the switch, A 
single ball bearing, seated in a 
hole, locks the switch in each po- 
sition, When the solenoid is deen- 
ergized, the spring is released, 
preparing the ratchet for the next 
eyele. The solenoid will eycle un- 
til no voltage is applied through 
S1A-5 and contact 2. In this 
manner, the selection of C9, C9 
and C10, C9 and Cll, or C9 and 
C20 is accomplished. Crystal diode 
CR4 prevents arcing in the sole- 
noid coil. Capacitor C2 prevents 
transient voltages from causing 
surges of current through the so- 
lenoid coil. Surges of current 
could cause failure of the solenoid. 
The solenoid is an integral part 
of Sl. Capacitors C17, C18, C19, 
and C23 are decoupling capacitors 
for the —28-volt supply. 
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Figure 28.1 (CMHA). PPI video amplifier—switch Si—partial schematic diagram. 
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(2) Video channel. The video channel (fig. V4B. The negative pulse is devel- 


74, TM 9-1430-257-20) receives three 
inputs: an end of sweep pulse from 
the control channel, described in (1) 
above; acquisition video and marks 
from the video and mark mixer; and 
a symbols unblanking pulse from the 
PPI marker generator. The outputs 
of the video channel, which are un- 
blanking pulses and amplified acqui- 
sition video and marks, are applied to 
the CRT. Two circuits are provided 
in the video channel for blanking the 
CRT. One circuit operates when the 
acquisition antenna is not rotating 
and the other when switching from 
the rotating sweep to the steerable 
azimuth line on the CRT screen. 
Blanking the CRT during the switch- 
ing time prevents blossoming on the 
screen, which would obscure video 
presentations. 


(a) Video gate V4B. Video gate V4B 
provides gating action for the video 
channel. The negative 305-microsec- 
ond end of sweep pulse from V2A 
is developed across R9 and coupled 
through C6 and series dropping re- 
sistors R11 and R15 to the grid of 
V4B. Crystal diode CR2 in parallel 
with R11 provides a quick dis- 
charge path for C6. When the 
positive-going trailing edge of the 
negative end of sweep pulse occurs, 
CR2 conducts. This results in a 
sharp trailing edge to the pulse. 
The negative pulse on the grid of 
V4B increases plate resistance, re- 
sulting in a positive 40-volt pedes- 
tal at the plate. Because the cath- 
ode signal of V4B follows the grid 
signal, a negative end of sweep 
pulse is developed at the cathode of 


{b) 


oped across resistor R46. R46 is a 
common cathode resistor of V4B 
and video amplifier V4A. 


Video amplifier V4A. Video ampli- 
fier V4A amplifies and combines the 
acquisition video and marks with 
the sweep gate pulse from V4B. 
The negative end of sweep pulse 
from V4B is amplified by V4A. The 
signal at the plate of V4A is a neg~- 
ative pulse. This pulse is a pedes- 
tal for the acquisition video and 
marks signals and an unblanking 
pulse for the CRT. The setting of 
pedestal adjust variable resistor 
R83 controls the amplitude of the 
pedestal. Resistors R38 and R46 
are cathode resistors for V4A. Re- 
sistor R6 and inductor L1 make up 
the plate load impedance for V4A. 
High-level positive acquisition video 
and marks signals at connector J5 
are coupled through capacitor C3 
to the grid of V4A. Crystal diode 
CR3 clips the negative portion of 
the input acquisition video and 
marks signals. Negative signals 
coupled through C3 drive CR3 into 
conduction, bypassing the signals to 
ground. This high-level clipping 
permits almost complete elimina- 
tion of the negative portion of the 
signals without loss of weak posi- 
tion video. Positive signals cu’. off 
CR3 and are developed across re- 
sistor R4. This resistor reduces the 
positive signals to a value suitable 
for the grid of V4A. The positive 
acquisition video and marks signals 
are amplified and inverted by V4A, 
resulting in negative signals at. the 
plate. Inductor L1 in the plate cir- 
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(d) 


cuit of V4A prevents the high fre- 
quency acquisition video and marks 
signals from entering the +150- 
volt supply. Capacitor C22 and re- 
sistor R45 bypass low frequencies 
to ground and sharpen the trail- 
ing edge of the pulse. The negative 
end of sweep pulse from V4B and 
acquisition video and marks signals 
at the plate of V4A are coupled to 
the control grid of video mixer V5. 
These signals are developed across 
resistor R36. Crystal diode CR1 
clips the positive portion of the sig- 
nals, Positive signals drive CR1 into 
conduction, bypassing the signals 
to ground. Negative signals cut off 
CRi and the signals are developed 
across R36. 


Symbol cathode follower V2B, 
Symbol cathode follower V2B pro- 
vides the symbols unblanking pulse 
for unblanking the CRT. The input 
signal to V2B is a negative 80- 
microsecond pulse. This pulse oc- 
curs when symbols are to be painted 
on the PPI. The negative symbols 
unblanking pulse from the PPI 
marker generator at connector J6 
is coupled to the grid of V2B. Re- 
sistor R24 forms part of a voltage 
divider which determines the am- 
plitude of the unblanking pulse. 
Since the cathode follows the grid, 
a negative pulse is developed across 
resistor R27. This negative sym- 
bols unblanking pulse is applied di- 
rectly to the screen grid of V5. 

Video mixer V5. Video mixer V5 
amplifies and mixes the acquisition 
video and marks that are applied 
to the CRT. The negative acquisi- 
tion video and marks signals at the 


{e) 


(f) 
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control grid of V5 are amplified and 
inverted by V5. Positive acquisition 
video and marks signals are cou- 
pled from the plate of V5 through 
capacitor C15 to connector Pl. The 
pedestal from V4B unblanks the 
CRT, allowing the acquisition video 
and marks to be presented on the 
CRT. Negative symbols unblank- 
ing pulses from V2B applied to 
the screen grid of V5 result in posi- 
tive pulses at the plate. These posi- 
tive pulses unblank the CRT during 
the symbol-painting period. Induc- 
tor L2 in the plate circuit of V5 
prevents high frequency acquisition 
video and marks signals from enter- 
ing the -+250-volt supply. 

Blanking amplifier V6A. A positive 
300-microsecond off time extension 
pulse from the PPI marker genera- 
tor is applied through connector J7 
to the grid of blanking amplifier 
V6A. Resistors R35, R37, and R38 
set the de level of the input pulse. 
This positive pulse, starting at the 
end of normal sweep time, is passed 
to the grid of V4B through resistor 
R15. Thus, V4B conducts for a min- 
imum of 300 microseconds between 
sweeps, This insures that, regard- 
less of range or sync pulse repeti- 
tion frequency, there will always be 
sufficient time between sweeps for 
the FUIF symbols to be displayed. 
Blanking circuits. When ANT RPM 
switch $13 (fig. 28.2) on the acqui- 
sition control-indicator is placed in 
the OFF position, connector J2-11 
of the PPI video amplifier is 
grounded. This places the plate of 
erystal diode CR6 at ground poten- 
tial, which in turn essentially places 


98.7 


CONFIDENTIAL Modified Handling Authorized 


“4 


“unsboyp oynuayos peyydure —sqno0 Burumg —soyydun copia tad (11) Fe eunbry 


Besoled ayo to 2 1 SS >| 
| \ | douvoioni—oyLNoo 
| | BuvNoISaG L39uvL | 
go, ualdhawy 37nd 0 ——> 2 | | | 
\ \ 
i | ; it L wuanze | 
\ i 2 { Giow | yoo | 
ty op [ry 4 
i] isose | or) ~~ =F tev" 
1 1 7 Tancoe © | | pi | £8re?oeOoCCc 
+ i io eu ! | ' ann winwizy | 7 gi9 7 
giv, { oy ! , a16vu3s31S | | 
oaaia \ Tz on > al t oaN 22 | 
Bre SK te He i | au \ 
3 aa ~ * | td 
| 
\ | 
| Idd 
re ee ee 
ONITEYD ONISSIN SALYOIGN| 3NIT 031400 | 40 | 
ars | MoLvoIONI—T08LNOD | 
i _Nouisinoov 


TM 9-1430-250-35 


988 


the grid of V4B at ground. Thus, 
negative signals from V2A are es- 
sentially grounded, and this in 
turn keeps the CRT blanked. This 
blanking action takes place only 
when the acquisition antenna is not 
rotating. Crystal diode CR8 clips 
any positive signals at the grid 
of V4B. Negative signals cut off 
CR8 and are developed across R12. 
When switching from the radial 
sweep to the steerable azimuth line 
on the CRT, AZIMUTH switch S1 
on the target designate control- 
indicator is operated. This activates 
steerable-azimuth line relay K1 in 
the PPI, closing K1 contacts 10 and 
4. A sharp positive pulse is coupled 
to pulse amplifier V6B and through 
crystal diode CR6 and capacitor C3 
in the PPI and resistors R32 and 
R15 in the PPI video amplifier to 
the grid of V4B. The charge path 
is from one plate of C8, CR6, the 
+250-volt supply, ground, resistor 
Ri2, and R82 to the other plate of 
C3. At the same time, capacitor C4 
discharges through K1 contacts 2 
and 9 and R6. The positive pulse 
at the grid of V4B, caused by the 
charging of C3, and the positive 
pulse at the grid of V6B result in 
blanking the CRT for the duration 
of the charging time of C3. A simi- 
lar action occurs when K1 is deen- 
ergized. Capacitor C4 charges at 
this time through one plate of C4, 
the +250-volt supply, ground, R12, 
R82, to the other plate of C4. Thus, 
two positive pulses applied to V4B 
and V6B blank the CRT during the 
switching action. Blanking the CRT 
prevents blossoming that would ob- 
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scure the video presentations on the 
CRT sereen. 

Pulse wmplifier VOB. Pulse ampli- 
fier V6B and video gate V4B blank 
the CRT when switching from the 
radial sweep to the steerable azi- 
muth line on the CRT. The blank- 
ing circuits apply a ‘positive pulse 
to the grid of V6B through resis- 
tors R39 and R41. This positive 
pulse results in a positive pulse at 
the cathode of V6B. The cathode of 
V6B rises to a higher potential than 
the plate of V4A, which cuts off 
erysta] diode CR5. This causes the 
plate voltage of V4A to rise and 
thus blanks the CRT to prevent 
blossoming. Resistor R44 is a cath- 
ode resistor and capacitor C25 is 
a cathode bypass resistor. Resistors 
R39, R40, R41, R42, and R43 form 
a voltage divider network for the 
grid of V6B. 


(g 


39.7 (U). PP] Marker Generator 9143202 


a. General. The PPI marker generator pro- 
duces one of the three possible symbols, desig- 
nated by the FUIF equipment, for presentation 
on the PPI cathode-ray tube screen. It also 
produces a symbols unblanking pulse for un- 
blanking the PPI, and two gate control pulses 
for switching the electronic gates. The oper- 
ating period of the PPI marker generator con- 
sists of three 80-microsecond intervals. 

b. Detailed Theory. PPI marker generator 
9148202 (fig. 75, TM 9-1430-257-20) is the 
same as PPI marker generator 9007680, dis- 
cussed in paragraph 39, except for the follow- 
ing modifications : 

(1) Resistor R21 is connected to +250v 
instead of ground, which changes the 
discharge path of capacitor C10 de- 
scribed in paragraph 390 (3) (6b) and 


98.9 


CONFIDENTIAL Modified Handling Authorized 


TM 9-1430—250-35 


changes the operating time of V3 
from 280 to 300 microseconds. 


(2) The positive 800-microsecond pulse at 


the plate of V3B is also coupled 
through capacitor C25 and resistor 
R76 to connector J7. From J7, the 
pulse is coupled to the PPI video am- 
plifier as an off-time extension pulse. 


40 (U). Precision Indicator 8173218, 


9007681 


a. General, 
(1) The precision indicator displays an 


enlarged sector of the plan-position in- 
dicator (PPI) presentation. This en- 
larged sector presents more accurate 
target azimuth and range informa- 
tion than the PPI. The sector of the 
PPI displayed on the precision indica- 
tor cathode-ray tube represents 533 
mils (approximately 30°) in azimuth 
and 8000 yards in range. It is cen- 
tered about the intersection of the 
flashing azimuth line and the range 
circle of the PPI display. 


(2) The precision indicator contains four 


subassemblies listed in (a) through 
(d) below. 
(a) Range sweep generator 7617885. 
(6) Azimuth sweep generator mixer 
stage 7620604. 
(c) Mark generator 8173013. 
(d) Precision video amplifier 7620605. 


b. Functional Block Diagram Analysis. 
(1) The precision indicator (fig. 10, TM 


9-1430-257-20) is composed of cir- 
cuits shown in the functional block di- 
agram in figure 29. 


(2) The range sweep generator sends a 


98.10 


trapezoidal range sweep pulse to the 
vertical deflection coils of the CRT to 
sweep the electron beam from the bot- 
tom to the top of the CRT screen. The 
input to the range sweep genera- 
tor is the 50-microsecond acquisition 
range gate. The output range sweep 
pulse is 50 microseconds in duration 
and occurs at a repetition rate of 500 
pps. Therefore, the vertical sweep 


(3) 


(4) 


(5) 


c4 


lasts for 50 microseconds and is cut 
off for approximately 1950 microsec- 
onds. The 50-microsecond sweep rep- 
resents an 8000-yard sector of the 
PPI display in range. 

The azimuth sweep generator mixer 
stage sends an azimuth sweep signal 
to the horizontal deflection coils of the 
CRT to sweep the electron beam 
across the screen of the CRT, The 
inputs to the azimuth sweep genera- 
tor mixer stage are a 4-ke reference 
carrier and a modulated 4-ke signal. 
The output is a severely clipped sine 
wave with an unclipped sector equal 
to 533 mils (approximately 30°). This 
unclipped sector is practically linear 
and produces the horizontal sweep 
from left to right across the screen 
during the time the CRT is unblanked. 
The mark generator produces a 711- 
mil (approximately 40°) acquisition 
azimuth gate and a 1350-microsecond 
acquisition azimuth mark. The acqui- 
sition azimuth gate is used to unblank 
the CRT for 533 mils of one acquisi- 
tion antenna revolution. During each 
revolution of the acquisition antenna, 
the acquisition azimuth mark bright- 
ens one sweep on the PPI to produce 
the flashing azimuth line. The inputs 
to the mark generator are the sync 
pulse, the 4-ke reference carrier, and 
the two modulated 4-ke signals that 
are 90° out of phase. 

The precision video amplifier applies 
the acquisition video and marks to the 
CRT and also unblanks the CRT. The 
acquisition video and marks are al- 
ways applied to the eathode of the 
CRT but are not displayed until the 
CRT is unblanked. The inputs to the 
precision video amplifier are the ac- 
quisition video and marks, INTEN- 
SITY de voltage, the acquisition azi- 
muth gate, and the 50-microsecond 
acquisition range gate. GAIN variable 
resistor R9 determines the amplitude 
of the acquisition video and marks. IN- 
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TENSITY variable resistor R5 deter- 
mines the de level baseline of the 
unblanking pulses, which in turn de- 
termines the brightness of the presen- 
tations on the screen of the CRT. 
The acquisition azimuth gate and the 
50-microsecond acquisition range gate 
are mixed to form the unblanking 
pulses. 


(6) The CRT circuit includes the horizon- 


tal and vertical deflection coils, the 
focusing magnet, and the decentering 
magnet. The azimuth sweep signal is 
applied to the horizontal deflection 
coils for sweeping the electron beam 
from left to right on the sereen of the 
CRT, The range sweep pulse is ap- 
plied to the vertical deflection coils 
for sweeping the beam from bottom 
to top. 


(a) The focusing magnet is used to 
center the electron beam on the 
screen of the CRT. This magnet is 
eylindrical in shape with an adjust- 
able shunt to vary the strength and 
configuration of the magnetic field. 
Electrons which are moving exactly 
on the axis of the magnetic field 
set up by the focusing magnet are 
not deflected. All other electrons 
are deflected by the magnetic field 
which produces inward radial aecel- 
erations to bring the electrons to- 
gether at a common point. This 
common point is known as the focus 
point, The distance between the 
eathode and focus point is propor- 
tional to the intensity of the magnet- 
ic field which is controlled by the 
adjustable shunt. The adjustable 
shunt is adjusted so that the focus 
point is at the screen of the CRT. 
To correct for CRT element misa- 
linements, a centering ring is pro- 
vided on the focusing magnet to 
change the shape of the magnetic 
field. Altering the position of the 
centering ring changes the point 
where the electron beam strikes the 
screen of the CRT. 


C7 


(b) The decentering magnet is used to 
return the electron beam to the 
bottom of the CRT screen, This 
magnet consists of two permanent 
bar magnets, two pole pieces, and 
two adjustable shunts, When the 
shunts are positioned close to the 
magnets, decreasing the air gaps, 
the magnetic field is decreased, 
which deflects the electron beam a 
slight amount. Increasing the air 
gaps increases the magnetic field, 
resulting in a greater deflection of 
the electron beam. The shunts are 
normally adjusted to place the elec- 
tron beam at the bottom of the 
screen on the CRT. 

ce. Precision Indicator 9007681, Precision in- 
dicator 9007681 (fig. 10, TM 9-1430-257-20) 
is the same as precision indicator 8173218 
which is covered in a and b above, The Ord- 
ance part number of the precision indicator was 
changed because two of the subassemblies were 
changed, Precision indicator 9007681 contains 
the four subassemblies listed in (1) through 
(4) below. The two precision indicators are 
not interchangeable, 

(1) Range sweep generator 8607326. 

(2) Azimuth sweep generator mixer stage 
7620604, 

(8) Mark generator 9007682. 

(4) Precision video amplifier 7620605. 

d. Precision Indicator 9985665. Precision 
indicator 9985665 (fig, 10.1, TM 9-1430-257- 
20) is the same as precision indicator 9007681 
which is covered in ¢ above except for the items 
covered in (1) through (8) below which were 
added by DA MWO 9-1400-263-30. 

(1) CONTROL TRANSFER switch Si 
is added to switch control of the 
NAR (Nike acquisition radar) re- 
ceiver-transmitter control from the 
remote console to the acquisition con- 
trol-indicator. This action occurs 
when S1 is set to AUTOMATIC and 
RADAR SELECTED switch 82 is set 
to NAR. 

(2) RADAR SELECTED switch S2 is 
added to select video from either the 
NAR or AAR (auxiliary acquisition 
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radar). The switching function is 
controlled by S2 when S1 is set to 
AUTOMATIC. When S1 is set to 
REMOTE, the switching function is 
controlled from the remote console. 
CHANGE RADAR indicator light 
DSi is added to advise the battery 
commander that the ECCM officer 
desires a change in radar video from 
the NAR to AAR or AAR to NAR. 


(3 


41 (U}. Range Sweep Generator 7617885, 
8607326 
a. General. The range sweep generator pro- 
vides 4 range sweep pulse having a sawtooth 
current waveform to the vertical deflection 
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coils of the cathode-ray tube in the precision 
indicator. This range sweep pulse generates a 
range sweep on the CRT screen. 

Note. Continuous reference in & and c below is made 
to figure 11, TM 9-1430-257-20 unless otherwise indi- 
cated, 

b. Detailed Theory. 

(1) With no signal applied at connector 
J1, trapezoidal sweep generator VIA 
conducts. Current flows from ground 
through resistors R4 and R&8, VIA, 
and resistors R2 and Ri to the +150- 


volt supply. A large voltage 
drop is developed across R1 
and R2 because of their large 


values. This makes the plate volt- 
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age of VIA slightly higher than the 
cathode. Capacitor C1 charges to a volt- 
age equal to the voltage across VIA and 
R38. 

(a) Generator V1A cuts off when the posi- 
tive acquisition range gate (A, fig. 30) 
is applied to the cathode. Capacitor 
C1 now charges along an RC curve 
determined by R4, C1, R2, and Ri, and 
the +150-volt supply. The time con- 
stant of this path is long compared to 
the 50-microsecond acquisition range 
gate. Therefore, Cl can charge for 
only a fraction of the cirenit RC curve 
which results in a linear voltage rise 
at the plate of VIA. The amplitude 
of the voltage rise is determined by the 
setting of amplitude variable resistor 
R2. If R2 is shorted (brush arm fully 
clockwise), C1 charges faster because 
the circuit time constant is smaller. 
Capacitor C1 charges to a higher volt- 
age than it would if R2 were in the 
circuit, When the positive acquisition 
range gate drops to zero, V1A conducts, 
and the low resistance of V1A and R3 
provides a path for rapid discharge 
of Cl, This results in a sharp negative- 
going trailing edge at the plate of VIA, 
and a sawtooth waveform is created at 
the plate of V1A. 


tive feedback in the cathode circuit. Re- 
sistor R17 can be considered as the cath- 
ode resistance of V2. Because of the 
sinall size of capacitor C6, R17 can be 
considered as being unbypassed. Capaci- 
tor C6 effectively short circuits the sharp 
rise time of the trapezoidal waveform, 
and no degenerative feedback is devel- 
oped in the cathode circuit of V2. This 
action prevents the distributed capaci- 
tance in the circuits of power amplifiers 
V4 and V5 from affecting the trapezoid. 
The distributed capacitance would tend to 
distort the sharp rise time of the wave- 
form. By removing the degenerative 
feedback during the sharp rise time, the 
gain of V2 is increased. This allows the 
distributed capacitance in the circuits of 
V4 and V5 to charge without distorting 
ing the waveform. Capacitor C2 and re- 
sistor R7 in the plate circuit of V2 pre- 
vents oscillations at high frequencies. 
Capacitor C8 couples the signal (©, fig. 
30) from the plate of V2 to the control 
grid of voltage amplifier V3, which is a 
conventional voltage amplifier. After 
amplification and inversion by V3, the 
signal (B, fig. 30) is coupled through 


geal 3 


(6) To create a trapezoidal waveform, it is 


necessary to provide a step at the lead- 29,4] et 5 al 
ing edge of the sawtooth. A small por- wee sey 
tion of the acquisition range gate ap- A, ACQ RANGE GATE INPUT & PLATE VIA, v3 
plied at J1 is developed across R4 and Sonate 
applied to Cl. Capacitor Cl acts as CATHODE VIB 
ashort circuit to this step voltage which fie 
is the leading edge of the trapezoidal 
waveform. The resultant waveform 
(B, fig. 30) at the plate of VIA isa a 
series of trapezoidal voltages 50 micro- bese 
seoonds wide, + ai es, . eae 
(2) The trapezoidal voltages at the plate of FEEDBACK 
V1A are applied directly to the control eee 
grid of voltage amplifier V2, where they 
are amplified and inverted. Amplifier RA PO 468139 
V2 is a voltage amplifier with degenera- Figure 30. (U) Range sweep generator—waveforms, 
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(3 


(4 


capacitor C4 to the cathode of clamper 
V1B and the control grids of V4 and V5. 
Resistors R19 and R22 in the control grid 
cirenits of V4 and V5 prevent parasitic 
oscillations. 

Power amplifiers V4 and V5 are operated 
in parallel to meet the current require- 
ments of the output load. The plate load 
of V4 and V5 is the vertical deflection 
coils of the precision indicator CRT. 
Since considerable resistance in the coils 
prevents them from appearing as a pure 
inductance, the output load must be 
treated as an RL circuit. To produce a 
sawtooth of current through an RL cir- 
cuit, itis necessary to apply a trapezoidal 
voltage, which contains both square-wave. 
and sawtooth-wave components. The 
square-wave component produces a lin- 
ear current increase through the induct- 
ance of the coils, and the sawtooth-wave 
component produces a linear increase 
through the resistance. The plate cur- 
rent waveform (D, fig. 30) of V4 and V5 
is a linear sawtooth waveform and the 
plate voltage waveform (C, fig. 30) is a 
trapezoidal waveform. 

The current in the cathode circuit of V4 
and V5 may be considered as having two 
components, a plate current and a screen 
current. Since the screen current. does 
not flow in the output load, it is desired 
that only voltages representing the plate 
current waveform (D, fig. 30) of V4 and 
V5 be used for feedback to V2. To elimi- 
nate the screen current component, it is 
necessary to develop an inverse voltage 
to cancel the effect of the screen current. 
The sereen current develops a voltage 
across resistors R23 and R27 that is fed 
through resistor R17 to the cathode of 
V2. The cathode of V2 becomes more 
positive than the cathode of V4 when. a 
positive pulse is applied to the control 
grid of V4. However, a rise in screen 
current at this time causes the junction of 
R18 and R20 to become more negative. 
The voltage drop across resistor R25 is 


(5) 


reflected through resistor R20, causing 
the cathode of V2 to become more nega- 
tive than the cathode of V4. Thus, the , 
voltage developed across R25 is 180° out | 
of phase with the voltage developed 
across R23 and R27. Canceling the ef- 
fect of soreen current in this manner im- 
proves linearity of the sawtooth current 
waveform in the output load. 

Clamper V1B returns the control grids 
of V4 and V5 to a constant voltage level 
at the end of each trapezoidal pulse. A 
constant bias voltage of approximately 
—80 volts is developed across resistors 
R12 and R13 and is applied to the grid 
of VIB. Since the plate of V1B is con- 
nected to +150 volts through resistor 
R28 and the cathode to —250 volts 
through resistor R11, V1B will conduct 
during the quiescent period. Current 
flow through R11 and V1B provides a 
voltage at the cathode of V1B that is ap- 
proximately —72 volts. Capacitor C4 
is charged to the difference in potential 
between the plate of V3 and the cathode 
of V1B. 


(a) The positive trapezoidal voltage at the 


(a 


plate of V3 is coupled through C4 to 
the cathode of VIB and the control 
grids of V4 and V5. Because the 
charge on C4 cannot change instan- 
taneously, this trapezoidal voltage ap- 
pears on the cathode of VIB and the 
control grids of V4 and V5. This posi- 
tive voltage on the cathode drives VIB 
toward cutoff. Because of the long 
time constant, the charge on C4 in- 
creases only a small amount during the 
trapezoidal pulse. Charge current, 
flows from the plate of C4 connected 
to V3, through resistor R9, +250-volt, 
supply, ground, —250-volt supply, and 
through R11 to the other plate of C4. 
The time constant of this path is long 
compared to the trapezoidal pulse. 

The trailing edge of the trapezoidal 
pulse adds algebraically to the charge 
on C4 and drives the cathode of VIB 


CONFIDENTIAL 


( 


CONFIDENTIAL ......... 


negative. Clamper V1B conducts and 
discharges C4 rapidly to its quiescent 
value. The discharge path for C4 
is from the plate connected to R11, 
through V1B, R28, and the +150-volt 
supply, ground, and V8 to the other 
plate of C4. The discharge time is 
short and the cathode of V1B and con- 
trol grids of V4 and V5 are returned 
rapidly to the quiescent value of —72 
yolts. This action insures that the 
negative extreme of the trapezoidal 
pulse to V4 and V5 is clamped ata fixed 
voltage level. During quiescence, cur- 
rent flowing in V4 and V5 and through 
the deflection coils always has the same 
value because the biasing voltage is 
always the same at this time. This 
causes the sweep on the CRT to always 
start from the same point. 
ce. Range Sweep Generator 8607326. Range 
sweep generator 8607326 is similar to range sweep 
generator 7617885 described in @ and 6 above. It 
differs in that a clipper circuit is added to clim- 
inate noise. Capacitor C7 acts as a short circuit 
to the positive pulse input at connector Ji. There- 
fore, the input waveform is not distorted. Re- 
sistors R83 and R4 produce a bias of approximately 
+0,7 volt for the clipper circuit comprised of erys- 
tal diode CR1 and resistor R26. Signals more 
negative than the bias level are clipped at the bias 
level. Positive signals above the bias level are not 
clipped but are applied directly to the cathode of 
V1B. The bias voltage is above the level of noise 
which, if not eliminated, would create sweep jitter, 
Elimination of the noise results in a stabilized 
sweep on the precision indicator CRT. The re- 
mainder of detailed theory is the same as discussed 
in } above. 


42. Azimuth Sweep Generator Mixer Stage 
7620604 

a. General. The azimuth sweep generator 

mixer stage provides a sawtooth current waveform 

to the horizontal deflection coils of the cathode- 

ray tube in the precision indicator. This wave- 

form generates a horizontal sweep on the screen of 


the CRT. This sweep represents 533 mils azimuth 
rotation of the acquisition antenna. 

Note. Continuous reference in > below is made to fig- 
ure 12, TM 9-1430-257-20 unless otherwise indicated. 

b, Detailed Theory. 

(1) The 4-ke reference carrier (A, fig. 81) at 
connector P1-1 and 3 is applied to the 
primary of transformer T1. This signal 
has a constant amplitude of approxi- 
mately 70 volts. It is used to provide 
switching action for rectifiers V1 and V2. 
The modulated 4-ke signal (A, fig. 31) at 
connector P1-5 and 7 is applied to the 
primary of transformer T2 which is in 
series with AZ ADJ variable resistor R2. 
This signal is sine-wave modulated by 
the rotation of the acquisition antenna. 
The two 4-ke signals are in phase during 
one-half revolution of the antenna and 
180° out of phase during the other half 
revolution, Variable resistor R2 de- 
determines the amplitude of the modu- 
lated 4-ke signal which is approximately 
one-third the amplitude of the 4-ke ref- 
erence carrier. 

(2) The ring demodulator detailed theory is 
the same as the crystal bridge demodu- 
lator theory covered in paragraph 346 
(1) through (5) and is not repeated 
here. 

(3) The demodulator output is two sine-wave 
voltages (B, fig. 31), opposite in polar- 
ity, developed across resistors R8 and R9. 
Direction of current flow through R8 
and R9 determines the polarity of the 
signals. Because the signals are taken 
from opposite ends of equal size resistors, 
they are equal in amplitude. One cycle 
of the sine wave across R8 and R9 cor- 
responds to one revolution of the acqui- 
sition antenna. 

(5) The voltage developed across R8 is fil- 
tered by the filter network composed of 
resistors R10 and R14 and capacitors C2 
and C5. A similar network composed of 
resistors R12 and R15 and capacitors C3 
and (4 filters the voltage developed 
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MODULATED 4-KC REFERENCE 
fh4-KC SIGNAL OV CARRIER 
WAVEFORM WAVEFORM 
ACROSS RB -SV ACROSS RO 
AFTER RC AFTER RG 
FILTERING -GV FILTERING 
CLIPPED -2Vv CLIPPED 
WAVEFORM -9y WAVEFORM 
AT GRIDS AT GRIDS 
OF V4 OF VS 
| 533 MIL 533 MIL f 
(30 DEG) {30 DEG) 
PLATE CURRENT PLATE CURRENT 
OF v4 OF VS 
E 0 CURRENT ——————— O CURRENT -————W—__—— 
RA PD 468140 
Figure 3f. (U) Azimuth sweep generator miver stage—wareforms. 
across R9. The two filter networks re- ative voltage of approximately —9 volts 
move the 4-ke component from the signal developed across R13. and R11 is the ref- 
(C, fig. 31) and apply the remaining sine erence voltage for sighals at the plates 
waves to the plates of limiters V3A and of V3A4 and V8B. When the plate volt- 
V3B. Bias for both V3A and V3B is age is more positive than the —2-volt bias 
determined by the voltage drop across re- at the cathode, V8A and V3B conduct 
sistor R13 which is part of a voltage di- and limit the signals at —2 volts ampli- 
vider composed of resistors R13, R11, and tude. Since the plate voltages of V3A 
R7 connected between —250 volts and and V3B are 180° out of phase, V3A has 
ground. Therefore, a negative potential an increasing plate voltage while V3B 
of approximately —2 volts is applied to has a decreasing plate voltage and vice 
the cathodes of VBA and V3B. A neg- versa. Portions of the plate signals more 
104 
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negative than —2 volts are not limited 
because that section (V3A or V3B) is 
cut off. The plate signals of V8A and 
V8B are sinusoidal voltages with the pos- 
itive portion clipped at —2 volts and an 
unclipped negative portion. These volt- 
ages alternate about a —9-volt. reference 
level. These voltages (D, fig. 31) are 
applied to the grids of drivers V4A, 
V4B, V5A, and V5B, which are connected 
in push-pull. 

The negative portions of the grid signals 
cause V4A, V4B, V5A, and V5B to cut 
off. The positive portions cause them to 
saturate. Therefore, the plate signals of 
V4A, V4B, V5A, and V5B resemble sinu- 
soidal voltages with both negative and 
positive portions clipped. Since the grid 
signals are 180° out of phase, the current 
through one driver increases linearly 
while the current in the other driver de- 
creases linearly. The portion of the plate 
signals not clipped corresponds to 533 
mils (approximately 30°) in azimuth (E, 
fig. 31) and occurs twice during one revo- 
lution of the acquisition antenna. These 
533-mil unclipped portions of the wave- 
form are used to produce the sweep. 
Thus, there are two horizontal sweeps on 
the CRT per antenna revolution, One 
sweep appears on the CRT moving from 
left. to right once per revolution of the 
acquisition antenna, The other sweep 
appears as a spot moving from right to 
left. at the bottom of the CRT. 

With no signal input, the grid voltages 
of V4A, V4B, V5A, and V5B should be 
equal and the plate voltages should be 
equal. BAL ADJ variable resistor Riv 
varies the bias on the cathodes of V4A, 
V4B, V5A, and V5B to compensate for 
unbalance in component parts. This as- 
sures symmetrical presentations on the 
CRT. Variable resistor R2 is adjusted 
to make the sweep current equal to 533 
mils in azimuth. Decreasing R2 causes 
a steeper slope in the modulated 4-ke sig- 
nal input to transformer T2 which de- 
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creases the sweep interval, Increasing 
R2 increases the sweep interval. Re- 
sistors R18 through R25 are parasitic 
suppressors in the grid and plate circuits 
of V4A, V4B, V5A, and V5B. 


43. Mark Generator 8173013, 9007682 


a, General. The mark generator produces two 
outputs; the acquisition azimuth gate produced by 
the gate channel, and the acquisition azimuth 
mark produced by the mark channel. The acqui- 
sition azimuth gate is 711 mils (approximately 
40°) in duration and is used for unblanking the 
precision indicator cathode-ray tube and gating 
various other circuits of the acquisition rada 
system. The acquisition azimuth mark is + 
1,350-microsecond pulse used to produce the flash 
ing azimuth line on the plan-position indicato 
(PPI) once during each revolution of the acqu’ 
sition antenna. It also provides the vertical ir 
on the precision indicator CRT. 

Note. Continuous reference in b and ¢ below is ma 
to figure 13, TM 9-1430-257-20 unless otherwise indicate 

b. Detailed Theory. 

(1) @ate channel. The gate channel pr 
duces a 711-mil gate and a 14-mil ga 
Both gates are superimposed on a pe 
estal also generated in this channel. T 
7ll-mil gate atop the pedestal is t 
acquisition azimuth gate. The 14-n 
gate atop the pedestal is used to trigg 
coincidence amplifier V7 in the ma 
channel. 

(a) The modulated 4-ke signal (A, fig. 3& 
at connector P1-1 is developed acrot 
resistor R2 and applied through resis 
tor R1 to the grid of clipper-limite 
V1A, Resistor Ri is a grid limiting 
resistor which clips the positive hall 
cycles of the signal by drawing current. 
The negative half cycles of the signal 
are of sufficient amplitude to drive 
V1A into cutoff. At the plate of 
VIA, 711 mils (approximately 40°) of 
the waveform remains unaffected (B, 


fig. 32). This unatlected portion is 
centered about the null point. The 
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null point is the point of minimum through C1 to the cathode of coin- 
voltage every 3,200 mils of the modu- eidence detector V4A, as discussed in 
lated signal. (e) below. Resistor R7 limits grid 
(+) From the plate of VIA, the 4-ke signal current, and capacitor C16 prevents | 
is coupled through capacitor Ci and high-frequency noise from affecting 
resistor R7 to the grid of clipper-limiter the operation of V1B. For produc- 
V1B. The 4-ke signal is also coupled tion of sharp gate pulses, the input cir- 
1 I 
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Figure 32. (U) Mark generator—Vi, V2, and V8A—waveforms. 
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cuit noise must be 0.2 volt or less, The 
action of V1B is similar to that of VLA. 
Clipper-limiter V1B further limits and 
clips the 4-ke signal, reducing the un- 
affected portion to a 14-mil (0.8°) 
width (C, fig. 32). The 4-ke signal 
from the plate of VIB is coupled 
through capacitor C2 to the cathode of 
vate detector V2A which removes the 
positive portion of the signal. Bias 
for V2A is determined by GATE ADJ 
variable resistor R10 in series with re- 
sistor R9 and the +250-volt supply. 
Variable resistor R10 allows adjust- 
ment of the 14-mil unclipped section 
to an amplitude which accurately pro- 
duces the acquisition azimuth mark, as 
discussed in (2) below, for all azimuth 
settings. The 4-ke signal at the plate 
of, V2A is filtered by capacitor C3 and 
resistor R12 to remove the 4-ke compo- 
nent. This signal (D, fig. 32) is 14-mil 
gates occurring at 3,200-mil intervals. 
Since only one gate in 6,400 mils is de- 
sired, a pedestal is required to dispose 
of the undesired gate, 

The pedestal for the gates is formed 
by first mixing the 4-ke reference car- 
rier from connector P1-7 and the mod- 
ulated 4-ke signal from connector P1-5 
developed across 4 KC ADJ variable 
resistor R20. The modulated 4-ke sig- 
nal at Pi-5 is either in phase or 180° 
out of phase with the 4-kc reference 
carrier at P11. The 4-ke reference 
carrier and the modulated 4-ke signal 
are in phase for the first half-cycle and 
out of phase for the next half-cycle. 
This results in reinforcement during 
the in-phase half-cycle and subtraction 
during the out-of-phase half-cycle. 
The desired 4-ke signal at the brush 
arm of R20 is a 100-percent, sinusoi- 
dally-modulated waveform as shown 
in E, figure 32. Since the maximum 
amplitude of the modulated 4-ke sig- 
nal and the 4-ke reference carrier are 
not equal, mixing the signals in R20 
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produces only one null point per an- 
tenna revolution. Test point TP1 is 
provided for externally monitoring the 
mixing of signals in R20 using an os- 
cilloscope. Improper adjustment of 
R20 as viewed on un oscilloscope re- 
sults in either undermodulation (fig. 
38) or overmodulation. Proper ad- 
justment of R20 provides the desired 
100-percent modulation. 
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Figure 33. (U) Modulated wavefarnn. 


d) The 100-percent modulated signal (E, 
fig. 33) from the brush arm of R20 is 
coupled through capacitor C14 to the 
grid of gate amplifier VBA. Grid bias 
for V3A is the voltage drop across re- 
sistor R15, part of a voltage divider 
consisting of resistors R13 and R15 
connected between —250 volts and 
ground. After the signal is amplified 
by V8A, it is coupled through capaci- 
tor C13 to coincidence detector V4B 
and through resistor R18 to the cath- 
ode of gate detector V2B. Resistors 
Ri4 and R42 form a voltage divider 
between +250 volts and ground. The 
voltage drop across R42 provides posi- 
tive cathode bias to V2B and V4B. 
Resistor R16 effectively isolates cath- 
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ode signals from the voltage divider. 
Since the cathode must be negative 
with respect to the plate before V2B 
and V4B conduct, positive portions of 
the 4-ke signal are eliminated. The 
remaining negative portions at the 
plate of V2B are then filtered by C3 
and R12 to remove the 4-ke component 
(F, fig. 82). The pedestal waveform 
from V2B is mixed with the 14-mil 


gate from V2A and the composite gate 
on a pedestal (A, fig. 34) is applied to 
the suppressor grid of V7. The nega- 
tive portions of the 4-ke signal at the | 
plate of V4B are filtered by capacitor 
C5 and resistor R21 to remove the 4-ke 
component. This waveform (B, fig. 
34) is the pedestal for the 711-mil gate. 
(e) The 711-mil acquisition azimuth gate 
is obtained by using the output of VIA 
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Figure 34. (U) Mark generator—V3B through V7—weveforms, 
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(8) Monostable multivibrator V6A is nor- 


(B, fig. 32) after the 4-ke signal has 
been through only one stage of clip- 
ping and limiting. The 4-ke signal 
from V1A is coupled through C1 to the 
cathode of V4A. Positive portions of 
the 4-ke signal are eliminated by V4A. 
The negative portions of the 4-ke sig- 
nal are filtered by C5 and R21 to re- 
move the 4-ke component (C, fig. 34). 
The signal at the grid of gate cathode 
follower V3B, an isolation stage, is 
a combined waveform consisting of a 
711-mil gate from V4A superimposed 
on a pedestal from V4B as discussed in 
(d) above. Selection of the desired 
gate is determined by the pedestal, The 
acquisition azimuth gate output from 
the cathode of V3B to connector P1-10 
is shown in D, figure 34. 


(2) Mark channel. The function of the mark 


channel is to generate the 1,350-microsec- 
ond acquisition azimuth mark. 

(a) The undesired 14-mil gate (A, fig. 34) 
has no effect on V7, since the pedestal 
from V2B is at its most negative point 
when the acquisition antenna is pass- 
ing through the position 3,200 mils 
away from the desired azimuth setting. 
The desired 14-mil gate atop the ped- 
estal raises the suppressor grid poten- 
tial of V7 toward zero, Positive syne 
pulses which are always present at 
SYNC connector J1 are developed 
across resistor R41 and coupled 
through capacitor C12 to the control 
grid of V7. Control grid bias for V7 
is the voltage drop across R40 which 
is part of the voltage divider consist- 
ing of resistors R40 and R39 connected 
between —250 volts and ground. Only 
the sync pulses in coincidence with the 
14-mil gate atop the pedestal are ampli- 
fied and inverted through V7, The 
signal at the plate of V7 is coupled 
through capacitor C11 to the grid of 
monostable multivibrator V6A which 
allows only the gated pulses to be 
transmitted. 


(c) 


mally conducting because of the posi- 
tive voltage at the grid. This positive 
grid voltage is developed by the volt- 
age divider consisting of resistors R33 
and R31 connected between ground and 
the +250-volt supply. The multivi- 
brator is triggered by the first pulse 
exceeding 10 volts, Because of the 
long time constant (20,000 microsec- 
onds), no other pulse selected by the 
14-mil gate can again trigger the multi- 
vibrator during this cycle. When the 
multivibrator is triggered, V6A cuts 
off, resulting in a voltage decrease 
across common cathode resistor R37 
of V6A and monostable multivibrator 
V6B. This voltage decrease causes 
V6B to conduct, which causes a voltage 
decrease at the plate of V6B. The plate 
voltage decrease of V6B is coupled 
through capacitor C10 as feedback to 
the grid of V6A. The time constant of 
the multivibrator is determined by the 
discharge of (10, which is from one 
plate of C10 through resistors R34, 
R33, ground, resistor R37, and V6B 
to the other plate of C10. The dis- 
charging action of C10 continues until 
the grid potential of V6A rises above 
cutoff, causing V6A to conduct. This 
action cuts off V6B and the multivibra- 
tor returns to the quiescent state of 
operation. 

The square wave developed at the plate 
of V6A. (E, fig. 34) is differentiated by 
capacitor C9 and resistors R25 and 
R26, which results in a sharp positive 
pip at the grid of monostable multi- 
vibrator V5A. Multivibrator V5A is 
normally cut off by the negative voltage 
at the grid developed by the voltage 
divider consisting of resistors R25 and 
R24 connected between the —250-volt 
supply and ground. The positive pip 
drives V5A into conduction. From the 
plate of V5A, a negative-going signal 
is coupled through capacitor C8 to the 
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arid of monostable multivibrator V5B. 
The negative-going signal at the grid 
drives V5B to cutoff, resulting in a 
positive-going signal at the plate. The 
positive-going signal is coupled 
through capacitor C7 back to the grid 
of ViA. This regenerative feedback 
causes conduction in V5A to increase 
rapidly. The feedback also assures 
quick recovery after the multivibrator 
eycle is complete. This results in a 
square-wave pulse with sharp leading 
and trailing edges, A 1,350-microsec- 
ond (minimum) positive-going square- 
wave pulse (F, fig, 34), the acquisition 
azimuth mark, appears at the cathode 
of V5A. The length of the acquisition 
azimuth mark is determined by the dis- 
charge time of C8 through resistor 
R30. The complete discharge path of 
C8 is from one plate of C8 through 
R30, the +250-volt supply, ground, re- 
sistor R27, and V5A to the other plate 
of C8. 
ce, Mark Generator 9007682. Beginning with 
system 1049, mark generator 9007682 replaces 
mark generator 8173013. In mark generator 
9007682, MARK LENGTH variable resistor R32 
is connected from one end of R30 to the grid of 
V5B. Resistor R30 is changed from 0.953 to 0.56 
megohm. Capacitor C8 is changed from 3,000 to 
3,600 micromicrofarads. The changing of these 
components causes C8 to discharge for a longer 
period of time which results in a longer acquisi- 
tion azimuth mark. Variable resistor R32 is nor- 
mally adjusted for an output pulse width of 
1,600+25 microseconds. The pulse width can be 
varied by R32 between 1,400 and 1,800 microsec- 
onds, The remainder of the detailed theory is the 
same as discussed in } above. 


44. Precision Video Amplifier 7620605 

a. General. The precision video amplifier ap- 
plies the video and unblanking pulses to the cath- 
ode-ray tube of the precision indicator. The 
precision video amplifier consists of two channels, 
a. video channel and an unblanking channel. The 
video channel consists of clamper CR1 to permit 


rapid bias recovery and video amplifier V2 to am- 

plify the video signals. The unblanking channel 

unblanks the CRT for 500 mils in azimuth and 

8,000 yards in range. This channel consists of 

azimuth blank V3A and blanking amplifier V8B. 
Note. Continuous reference in b below is made to 

figure 14, TM 9-1480-257-20 unless otherwise indicated. 
b. Detailed Theory. 

(1) Positive acquisition video and marks sig- 
nals applied at VIDEO connector J3 are 
coupled through capacitor C5 to the con- 
trol grid of V2. These positive signals 
cause C5 to charge. The charge path is 
from ground through V2 when grid cur- 
rent flows and through the external cir- 
cuit connected at J3. The negative grid 
bias voltage for V2 is developed across 
resistors R8 and R10. Crystal CR1 is a 
clamper for this voltage. Capacitor C6 
shorts transient voltages to ground. 
Capacitor C5 discharges through CR1 
and R10 when the signal tends to go 
negative from the bias level. If CR1 
were not in the circuit, discharge would 
occur through resistors R9 and R10 to 
ground. The long time constant of this 
path would require considerable time for 
C5 to return to bias level. The long time 
constant would cause loss of the smaller 
video signals. With CR1 in the circuit, 
C5 discharges immediately. The input 
video signals are amplified and inverted 
by V2. Peaking coil Ld and resistor R11 
in series form the plate load of V2. 
Peaking coil Li improves high frequency 
response. It has practically no effect on 
the lower frequencies, The negative ac- 
quisition video and marks signals at the 
plate of V2 are applied directly to the 
cathode of the CRT. The result is in- 
tensity modulation of the CRT. Acqui- 
sition video and marks signals are always 
present at the cathode of the CRT but 
are not displayed until unblanking occurs. 
With no acquisition azimuth gate signal 
applied at connector J1-8, V3A conducts 
and current flows through resistors R4, 
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R5, and R7 to ground. The plate load 
of V3A is essentially R4 since R5 and 
R7 are very small. Plate current of 
V8A causes a voltage drop across R4, 
Resistor R4 is also between the con- 
trol grid and cathode of V3B. The 
voltage difference between grid and 
cathode is sufficient to cut off V3B. 
The +150 volts at the plate of V3B, 
during cutoff, is blocked from the 
CRT by capacitor C4. 


ACO AZIMUTH GATE 


TN ILS 


6400 MILS 


A, INPUT TO V3A 


TM 91430-250-35 


(a) The acquisition azimuth gate at 
J1-3 is a triangular wedge atop a 
positive-going sine wave (A, fig. 
35). This gate represents a prede- 
termined 711-mil (40°) azimuth ro- 
tation of the acquisition antenna. 
When the gate is applied to the 
eathode of V3A, it cuts off V3A. 
Only a portion of the acquisition 
azimuth gate representing 533 mils 
azimuth is used to cut off V3A (B, 
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fig. 35). The cutoff time of V38A is 
controlled by AZ BLANK ADJ var- 
jable resistor R2. Capacitor C2 at. 
the control grid of V3A shorts tran- 
sient voltages to ground. Capac- 
itor C3 at the plate of V3A serves 
the same purpose. When V8A cuts 
off, the plate voltage increases. This 
increase in voltage is coupled di- 
rectly to the control grid of V3B. 
The grid bias voltage of V3B be- 
comes —1.35 volts (C, fig. 35) and 
V3B conducts, 


(b) A positive acquisition range gate 
signal (D, fig. 35) at RANGEGATE 
connector J2 is coupled through ca- 
pacitor C7 to the cathode of V3B. 
The acquisition range gate is a 50- 
migrosecond pulse having a repeti- 
tion rate of 500 pps. It appears ap- 
proximately 250 times during the 
533-mil (30°) acquisition azimuth 
gate and is of sufficient amplitude 
to evt off V3B. The signal at the 
plate of V3B is a combination of 
the two gates (E, fig. 35). The 
output waveshape is produced by 
the alternate conduction and cutoff 
of V8B during the acquisition azi- 
muth gate. Capacitor C4 couples the 
signal (F, fig. 85) at the plate of 
3B to the control grid of the CRT. 
The positive portion of this signal 
unblanks the CRT, 


(3) A de voltage from INTENSITY vari- 


able resistor R5 (fig. 10, TM 9-1430- 
257-20), a precision indicator front 
panel adjustment, is applied through 
connector JI-~5 and resistor R12 to 
the control grid of the CRT. This 
voltage provides a de level for the ae- 
quisition video and marks signals 
from V3B. The filaments of the CRT 
are at the same de voltage as the cath- 
ode to prevent arcing. The high im- 
pedance of resistor R14 isolates sig- 
nals at the plate of V2 from the fila- 
ments of the CRT. Decoupling net- 
works are formed by resistor R15 and 
capacitor C1A, and resistor R13 and 
capacitor C1C. 


2 


44.1 (U). Precision Indicator 9139583 
a. General. 
(1) The precision indicator displays an 


enlarged sector of the plan-position 
indicator (PPI) presentation, This 
enlarged sector permits a more ac- 
curate analysis of target azimuth and 
range information than the PPI. The 
sector of the PPI displayed on the pre- 
cision indicator cathode-ray tube rep- 
resents 533 mils (approximately 30°) 
in azimuth and 25,000 yards in range. 
It is centered about the intersection 
of the flashing azimuth line and the 
range cirele of the PPI display. 


(2) The precision indicator contains four 


subassemblies listed in (a) through 
(d) below. 
(a) Range sweep generator 9141066. 


(b) Azimuth sweep generator mixer 
stage 7620604, 


(¢) Precision mark generator 9144718, 
(d) Precision video amplifier 7620605, 


b. Functional Block Diagram: Analysis. 
(1) The precision indicator (fig. 76, TM 


9-1430-257-20/1) is composed of 
circuits shown in the functional block 
diagram in figure 35.1. 


(2) The range sweep generator sends a 


trapezoidal range sweep pulse to the 
vertical deflection coils of the CRT 
to sweep the electron beam from the 
bottom to the top of the CRT screen. 
The input to the range sweep gener- 
ator is the 152.4-microsecond acquisi- 
tion range gate. The output range 
sweep pulse is 152.4 microseconds in 
duration and occurs at a repetition 
rate of either 400 or 500 pps, depend. 
ing on whether the HIPAR or LO- 
PAR is in use. The lower rate is for 
the HIPAR, The 152,4-microsecond 
sweep represents a 25,000-yard sec- 
tor of the PPI display in range. 


(3) The azimuth sweep generator mixer 


Stage sends an azimuth sweep signal 
to the horizontal deflection coils of the 
CRT to sweep the electron beam across 
the screen of the CRT. The inputs to 
the azimuth sweep generator mixer 
stage are a 4-ke reference carrier and 
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a modulated 4-ke signal. The output 
is a severely clipped (truncated) sine 
wave with an unclipped sector equal 
to 533 mils (approximately 30°). This 
unclipped sector is practically linear 
and produces the horizontal sweep 
from left to right across the screen 
during the time the CRT is unblanked, 


The mark generator produces a 711- 
mil (approximately 40°) acquisition 
azimuth gate and a 1600 or 2170- mi- 
erosecond acquisition azimuth mark. 
The duration of the mark depends on 
whether the HIPAR or LOPAR is in 
use. This long pulse is for the HIPAR. 
The acquisition azimuth gate is used 
to unblank the CRT for 533 mils of 
one acquisition antenna revolution. 
During each revolution of the acqui- 
sition antenna, the acquisition azi- 
muth mark brightens one sweep on 
the PPI to produce the flashing azi- 
muth line. The inputs to the precision 
mark generator are the sync pulse, 
the 4-ke reference carrier, and the 
two modulated 4-ke signals that are 
90° out of phase. 


The precision video amplifier applies 
the acquisition video and marks to the 
CRT and also unblanks the CRT. The 
acquisition video and marks are al- 
ways applied to the cathode of the 
CRT but are not displayed until the 
CRT is unblanked. The inputs to the 
precision video amplifier are the ac- 
quisition video and marks, INTEN- 
SITY de voltage, the acquisition azi- 
muth gate, and the 152.4-microsecond 
acquisition range gate. GAIN variable 
resistor R9 determines the amplitude 
of the acquisition video and marks. 
INTENSITY variable resistor R5 de- 
termines the de level baseline of the 
unblanking pulses, which in turn de- 
termines the brightness of the pres- 
entations on the screen of the CRT. 
The acquisition azimuth gate and the 
152.4-microsecond acquisition range 
gate are mixed to form the unblank- 
ing pulses, 


The CRT circuit includes the horizon- 
tal and vertical deflection coils, the 


c2 


focusing magnet, and the decentering 
magnet. The azimuth sweep signal is 
applied to the horizontal deflection 
coils for sweeping the electron beam 
from left to right on the screen of the 
CRT. The range sweep pulse is ap- 
plied to the vertical deflection coils for 
sweeping the beam from bottom to 
top. 


(a) The focusing magnet is used to cen- 
ter the electron beam on the screen 
of the CRT. This magnet is cylin- 
drical in shape with an adjustable 
shunt to vary the strength and con- 
figuration of the magnetic field. 
Electrons which are moving ex- 
actly on the axis of the magnetic 
field set up by the focusing magnet 
are not deflected. All other elec- 
trons are deflected by the magnetic 
field which produces inward radial 
accelerations to bring the electrons 
together at a common point. This 
common point is known as the fo- 
cus point, The distance between the 
eathode and focus point is propor- 
tional to the intensity of the mag- 
netic field which is controlled by 
the adjustable shunt, The adjusta- 
ble shunt is adjusted so that the 
focus point is at the screen of the 
CRT. To correct for CRT element 
misalinements, a centering ring is 
provided on the focusing magnet 
to change the shape of the magnetic 
field, Altering the position of the 
centering ring changes the point 
where the electron beam strikes the 
screen of the CRT. 


(b) The decentering magnet is used to 
return the electron beam to the bot- 
tom of the CRT screen. This mag- 
net consists of two permanent bar 
magnets, two pole pieces, and two 
adjustable shunts. When the shunts 
are positioned close to the mag- 
nets, decreasing the air gaps, the 
magnetic field is decreased, which 
deflects the electron beam a slight 
amount, Increasing the air gaps in- 
creases the magnetic field, result- 
ing in a greater deflection of the 


c2 


electron beam. The shunts are nor- 
mally adjusted to place the elee- 
tron beam at the bottom of the 
screen on the CRT. 


44,2 (U). Range Sweep Generator 9141066 

a. General, The range sweep generator pro- 
vides a range sweep pulse having a sawtooth 
current waveform to the vertical deflection coils 
of the cathode-ray tube in the precision indi- 
eator, This range sweep pulse generates a 
range sweep on the CRT screen. 


Note. Continuous reference in 6 and ¢ below is made 
to figure 77, TM 9-1430-257-20 1 unless otherwise indi- 


cated, 


b, Detailed Theory, 


(1) 


(2) 


The positive 152.4-micresecond acqui- 
sition range gate is applied through 
connector J1, coupled through ca- 
pacitor C7, developed across resistor 
R21, and applied to the clipper circuit 
made up of crystal diode CR1 and 
resistor R26. Approximately 0.7 volt 
of bias for the clipper circuit is devel- 
oped across resistor R38 and R4. Sig- 
nals more negative than the bias level 
are clipped at the bias level. Positive 
signals above the bias level are not 
clipped but are applied directly to the 
cathode of trapezoidal sweep genera- 
tor V1A. The bias level is above the 
level of noise which, if not eliminated, 
would create sweep jitter, Elimina- 
tion of the noise results in a stabilized 
sweep on the precision indicator CRT. 


With no signal applied at connector 
J1, VIA conducts. Current flows from 
ground through resistors R4 and R38, 
V1A, and resistors R2 and R1 to the 
+150-volt supply. A large voltage 
drop is developed across Rl and R2 
because of their large values. This 
makes the plate voltage of V1A 
slightly higher than the cathode volt- 
age. Capacitor C1 charges to a volt- 
age equal to the voltage across VIA 
and R38. 


(a) Generator VIA cuts off when the 


positive acquisition range gate (A, 
fig. 35.2) is applied to the cathode. 
Capacitor Cl now charges along an 
RC curve determined by R4, RI, 


(b 
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R2, and Cl, and the +150-volt sup- 
ply. The time constant of this path 
is long compared to the 152.4-mi- 
crosecond acquisition range gate. 
Therefore, C1 can charge for only a 
fraction of the RC time constant 
which results in a linear voltage 
rise at the plate of VIA. The am- 
plitude of the voltage rise is deter- 
mined by the setting of range ad- 
just variable resistor R2. If R2 is 
shorted (brush arm fully clock- 
wise), Cl charges faster because 
the circuit time constant is smaller. 
Capacitor Cl charges to a higher 
voltage than it would if R2 were in 
the circuit. When the positive ac- 
quisition range gate drops to zero, 
ViA conduets, and the low resist- 
ance of VIA and R8 provides a path 
for rapid discharge of C1. This re- 
sults in a sharp negative-going 
trailing edge at the plate of VIA, 
and a sawtooth waveform is cre- 
ated at the plate of V1A. 

To create a trapezoidal waveform, 
it is necessary to provide a step at 
the leading edge of the sawtooth. A 
small portion of the acquisition 
range gate applied at J1 is devel- 
oped across R4 and applied to C1. 
Capacitor C1 acts as a short circuit 
to this step voltage which is the lead- 
ing edge of the trapezoidal wave- 
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form. The resultant waveform (B, 
fig. 35.2) at the plate of VIA is a 
series of trapezoidal voltages 152.4 
microseconds wide. 


The trapezoidal voltages at the plate 
of V1A are applied directly to the 
control grid of voltage amplifier V2, 
where they are amplified and in- 
verted. Amplifier V2 is a voltage am- 
plifier with degenerative feedback 
in the cathode circuit. Resistor R17 
can be considered as the cathode re- 
sistance of V2. Because of the smal) 
size of capacitor C6, R17 can be con- 
sidered as being unbypassed. Capaci- 
tor C6 effectively short circuits the 
sharp rise time of the trapezoidal 
waveform, and no degenerative feed- 
back ig developed in the cathode cir- 
cuit of V2. This action prevents the 
distributed capacitance in the circuits 
of power amplifiers V4 and V5 from af- 
fecting the trapezoid. The distributed 
capacitance would tend to distort the 
sharp rise time of the waveform. By 
removing the degenerative feedback 
during the sharp rise time, the gain 
of V2 is increased. This allows the dis- 
tributed capacitance in the circuits 
of V4 and V5 to charge without dis- 
torting the waveform, Capacitor C2 
and resistor R7 in the plate circuit of 
V2 prevent oscillations at high fre- 
quencies. Capacitor C3 couples the 
signal (C, fig. 35.2) from the plate of 
V2 to the control grid of V3, which 
is a conventional voltage amplifier. 
After amplification and inversion by 
V3, the signal (B, fig. 85.2) is cou- 
pled through capacitor C4 to the ca- 
thode of clamper V1B and the control 
grids of V4 and V5. Resistors R19 and 
R22 in the control grid circuits of V4 
and V5 prevent parasitic oscillations. 


Power amplifiers V4 and V5 are oper- 
ated in parallel to meet the current re- 
quirements of the output load. The 
plate load of V4 and V5 is the vertical 
deflection coils of the precision indica- 
tor CRT. Since considerable resist- 
ance in the coils prevent them from 
appearing as pure inductance, the out- 
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put load must be treated as an RL 
circuit. To produee a sawtooth of eur- 
rent through an RL circuit, it is nec- 
essary to apply a trapezoidal volt- 
age, which contains both square-wave 
and sawtooth-wave components. The 
square-wave component produces a 
linear current increase through the 
inductance of the coils, and the saw- 
tooth-wave component produces a lin- 
ear increase through the resistance. 
The plate current waveform (D, fig. 
35.2) of V4 and V5 is a linear saw- 
tooth waveform and the plate voltage 
waveform (C, fig. 35.2) is a trape- 
zoidal waveform. 


The current in the cathode circuit of 
V4 and V5 may be considered as hav- 
ing two components, a plate current 
and a screen current. Since the screen 
current does not flow in the output 
load, it is desired that only voltages 
representing the plate current wave- 
form of V4 and V5 be used for feed- 
back to V2. To eliminate the screen 
current component, it is necessary to 
develop an inverse voltage to cancel 
the effect of the screen current. The 
screen current develops a voltage 
across resistors R23 and R27 that is 
fed through R17 to the cathode of V2. 
The cathode of V2 becomes more pos- 
itive than the cathode of V4 when a 
positive pulse is applied to the control 
grid of V4. However, a rise in screen 
current at this time causes the junc- 
tion of R18 and R20 to become more 
negative. The voltage drop across re- 
sistor R25 is reflected through resis- 
tor R20 causing the cathode of V2 to 
become more negative than the cath- 
ode of V4. Thus, the voltage developed 
across R25 is 180° out of phase with 
the voltage developed across R23 and 
R27. Caneelling the effect of screen 
current in this manner improves lin- 
earity of the sawtooth current wave- 
form in the output load. 


Clamper V1B returns the control 
grids of V4 and V5 to a constant volt- 
age level at the end of each trapezoi- 


dal pulse. A constant bias voltage of 
approximately —83 volts is developed 
across resistors R12 and R13 and ap- 
plied to the grid of V1B. Since the 
plate of V1B is connected to +150 
volts through resistor R28 and the 
cathode of —250 volts through resis- 
tor R1i, VIB will conduet during 
the quiescent period. Current flow 
through R11 and V1B provides a volt- 
age at the cathode of V1B that is ap- 
proximately —72 volts. Capacitor C4 
is charged to the difference in poten- 
tial between the plate of V3 and the 
cathode of VIB. 


(a) The positive trapezoidal voltage at 


the plate of V3 is coupled through 
C4 to the cathode of V1B and the 
control grids of V4 and V5. This 
positive voltage on the cathode 
drives V1B toward cutoff. Because 
of the long time constant, the charge 
on C4 increases only a small amount 
during the trapezoidal pulse. Charge 
current flows from the plate of C4 
connected to V3, through resistor 
R9, the +250-volt supply, ground, 
the —250-volt supply, and R11 to 
the other plate of C4, The time con- 
stant of this path is long compared 
with the trapezoidal pulse, 


(b) The trailing edge of the trapezoidal 


pulse adds algebraically to the 
charge on C4 and drives the cath- 
ode of V1B negative. Clamper V1B 
conducts and discharges C4 rapidly 
to its quiescent value, The discharge 
path for C4 is from the plate con- 
nected to R11, through V1B, R28, 
the +150-volt supply, ground, and 
V3 to the other plate of C4. The dis- 
charge time is short and the cathode 
of V1B and control grids of V4 and 
V5 are returned rapidly to the qui- 
escent value of —72 volts. This ac- 
tion insures that the negative ex- 
treme of the trapezoidal pulse to V4 
and V5 is clamped at a fixed voltage 
level. During quiescence, current 
flowing in V4 and V5 and through 
the deflection coils always has the 
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same valne because the biasing volt- 
age is always the same at this time. 
This causes the sweep on the CRT 
to always start from the same point. 


44.3 (U). Azimuth Sweep Generator Mixer 
Stage 7620604 


See paragraph 42. 


44.4 (U). Precision Mark Generator 9144718 


a. General. Precision mark generator 9144- 
718 produces two outputs: the acquisition azi- 
muth gate produced by the gate channel and 
the acquisition azimuth mark produced by the 
mark channel. The acquisition azimuth gate is 
711 mils (approximately 40°) in duration and 
is used for unblanking the precision indicator 
cathode-ray tube and for gating various other 
circuits of the acquisition radar system. The 
acquisition azimuth mark is a 1600-microsec- 
ond or 2170-microsecond pulse used to produce 
the flashing azimuth line on the plan-position 
indicator (PPI) once during each revolution 
of the acquisition antenna. It also provides the 
vertical line on the precision indicator and B 
scope indicator during alinement. The duration 
of the acquisition azimuth mark is selected for 
the acquisition radar being used, The shorter 
mark is for the LOPAR; the longer mark is for 
the HIPAR, 


b, Detailed Theory. The theory of precision 
mark generator 9144718 (fig. 78, TM 9-1430- 
257-20/1) is the same as that given in para- 
graph 48, except that the azimuth mark 
is either 1600 or 2170 microseconds and 
paragraph 430(2) (c) would read as follows: 
The square wave developed at the plate of V6A 
(E, fig. 35.3) is differentiated by capacitor C9 
and resistors R25 and R26, which results in a 
sharp positive pip at the grid of monostable 
multivibrator V5A. Multivibrator V5A is nor- 
mally cut off by the negative voltage at the grid 
developed by the voltage divider consisting of 
resistors R24 and R25 connected between the 
—250-volt supply and ground. The positive pip 
drives V5A into conduction. From the plate of 
VOA, a negative-going signal-is coupled through 
capacitor C8 to the grid of monostable multi- 
vibrator V5B. The negative-going signal at the 
grid drives V5B to cutoff, resulting in a 
positive-going signal at the plate. The positive- 
going signal is coupled through capacitor C7 
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Figure 35.3 (U). Precision mark generator V3B through V7 —~ waveforms. 


back to the grid of V5A, The regenerative feed- 
back causes conduction in V5A to increase rap- 
idly. The feedback also assures quick recovery 
after the multivibrator cycle is complete, This 
results in a square-wave pulse with sharp lead- 
ing and trailing edges. A 1600-microsecond or 
2170-microsecond positive-going square wave 
(F, fig. 35.3), the acquisition azimuth mark, 
appears at the cathode of V5A. The length of 
the azimuth mark is determined by the dis- 
charge time of capacitor C8 and resistor R30 
plus variable resistor R32 or resistor R30 plus 
variable resistor R43. When RADAR SE- 
LECT switch $7 on the IFF control-indicator is 
operated to LOPAR, HIPAR relay K1 on the 
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precision mark generator is deenergized, and 
the 1600-microsecond acquisition azimuth mark 
is produced. The pulse length is determined by 
the discharge of C8 through resistor R30, 
MARK LENGTH LOPAR variable resistor 
R32, contacts 1-6 of relay K1, the +250-volt 
supply, ground, resistor R27, and V5A to the 
other plate of C8. When S7 is operated to 
HIPAR, relay K1 is energized and MARK 
LENGTH HIPAR variable resistor R43 is sub- 
stituted for R32 in the discharge path. Due} 
fo the greater resistance of R43, the output 
pulse is lengthened to 2170 microseconds in the 
HIPAR mode. 


€2 


44,5 (U). Precision Video Amplifier 7620605 
See paragraph 44. 


45 (U). Acquisition Range Generator 
8172913, 9007684 

a. General. The acquisition range genera- 
tor provides the acquisition radar presentation 
system with an acquisition range mark and an 
acquisition range gate. The acquisition range 
mark is a 0.5-microsecond pulse that appears 
on each sweep of the acquisition PPI, Because 
an acquisition range mark appears on each 
sweep, it generates a range circle on the PPI 
screen. The acquisition range marks also ap- 
pear on the precision indicator as a horizontal 
line. The acquisition range gate is a 50- 
microsecond (8000-yard) positive pulse. This 
pulse is centered about the acquisition range 
mark, The acquisition range gate is utilized by 
the range sweep génerator of the battery control 
console precision indicator to generate an 8000- 
yard range sweep. 


Note. Continuous reference in 6 and ¢ below is made 
to figure 20, TM 9-1430-257-20 unless otherwise indi- 
cated. 


b. Detailed Theory. 
(1) Phantastron delay circuit. The phan- 
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tastron delay circuit consists of block- 
ing diodes VIA and V1B, phantas- 
tron V2, cathode follower V3A, and 
associated circuit compounds. The 
circuit is used to produce an output 
pulse with a duration proportional 
to the control voltage tapped off range 
variable resistor R1, located exter- 
nally on the target designate control- 
indicator. 


(a) Phantastron V2 has a sharp sup- 


pressor-to-plate cutoff. During the 
quiescent period, the screen grid of 
V2 draws a sufficient amount of cur- 
rent through cathode resistor R11 to 
keep the suppressor grid negative 
with respect to the cathode and 
thereby keep the plate of V2 cut off. 
The plate of V2 is at the same volt- 
age as the control voltage applied at 
connector P1-5 because the resist- 
ance of blocking diode V1A is negli- 
gible in comparison with the resist- 
ance of resistor R9. Since the control 
grid of V2 is returned to the +150- 
volt supply through a high resistance, 
it will draw sufficient current to keep 
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the control grid voltage essentially 
equal to the cathode voltage. The con- 
trol voltage is applied from V1A to the 
plate of V2 and to the grid of V3A. 
The positive 1-microsecond preknock 
pulse (A, fig. 36) at connector J2, used 
to trigger the circuit, is applied directly 
to the plate of blocking diode V1B. 
Diode V1B conducts during the time 
the positive preknock pulse is present 
at the plate. The positive pulse ap- 
pearing at the cathode of VIB is 
coupled directly to the suppressor grid 
of V2. This pulse brings the normally 
cutoff section of V2 into conduction. 
The gain of V3A is approximately 
unity. Therefore, the drop in plate 
voltage of V2 (B, fig. 36) is trans- 
mitted to the contrel grid of V2 (C, 
fig. 36) through V3A and C3. The 
plate current of V2 is thereby reduced. 
This reduction in plate current slows 
the voltage drop at the plate and 
brings it toa standstill at a point where 
the control grid is slightly above cutoff. 
The drop in the control grid voltage, in 
conjunction with the action of the 
plate, lowers the cathode voltage of V2 
to approximately zero and prevents the 
screen grid from drawing current. 
The suppressor grid is no longer biased. 
negatively with respect to the cathode ; 
consequently, the plate of V2 will con- 
tinue to draw current after the expira- 
tion of the trigger pulse. 

The circuit action described takes place 
instantaneously. It results in abrupt 
voltage drops at the plate, control grid, 
and cathode of V2. The voltage drop 
at the cathode of V2 forms the leading 
edge of the negative phantastron delay 
pulse output (D, fig. 36). This initial 
switching action is followed by a pe- 
ried of relative stability, during which. 
the actual timing wave is generated by 
discharging C3. 

During the stable period following the 
initial switching, the high negative 
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feedback in V2 is the result of the plate- 
to-control grid coupling through V3A. 
Any further change in the control grid 
voltage of V2 sets up currents in the 
circuit to oppose such a change. Con- 
trol grid voltage increases gradually to 
quiescence as C3 discharges through 
resistor R12, RATE variable resistor 
R13, and resistor R14 to the + 150-volt 
supply, and from the —250-volt supply 
through resistors R51 and R15 to the 
other side of C3. This current dis- 
charges C3 at a constant rate, resulting 
in a linear change of voltage across C3. 
The rate of discharge and thus the 
slope of the voltage drop (B, fig. 36) 
at the plate of V2 is proportional to 
the charge in C3. The setting of R13 
determines the slope of discharge (fig. 
37). The rate of discharge with a 
constant slope is proportional to the 
variations in plate voltage of V2 (fig. 
38) caused by moving the brush arm 
of acquisition range variable resistor 
Ri on the target designate control- 
indicator, 

When the discharge of C3 has pro- 
gressed to a certain point, a second 
switching action takes place. At this 
point, the plate current of V2 has 
reached a point where an increase in 
the control grid voltage no longer 
causes an increase in place current. 
When this occurs, the control grid volt- 
age rises (C, fig. 86), since there is no 
longer enough negative feedback 
through V3A and C3 to keep the con- 
trol grid voltage of V2 constant. As 
the control grid voltage of V2 rises, 
screen grid current increases. This ac- 
tion takes place rapidly and stops when 
the screen grid of V2 is drawing enough 
current to raise the cathode voltage 
sufficiently to cause the suppressor grid 
to cut off the plate. The control grid 
of V2 draws current and quickly re- 
charges C3, The charge path of this 
current is from one plate of C3 through 
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Figure 36. (U) Acquisition range generator—voltage waveforms in relation to time. 
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a a RID track synchronizer, except when the 
PHANTASTRON 2 VAAL preknock pulse is applied. 
PLATE VOLTAGE ({k) Calibration of the acquisition range 
AT NR, generator is accomplished by adjust- 
Rs sLore CHANGE IN ment, of R13 and ZERO variable re- 
REDUCED WNCREASE: PULSE DURATION sistor R2. Variable resistor R2 is con- 


nected in series with resistor R3 to 
ground at one end and to connector 
P1-8 at the other end. The setting of 
R2 determines the control voltage at 
P1-5 when range variable resistor R1 
(B3, fig. 18, TM 9-1430-257-20) on the 
target designate control-indicator is 
set to minimum range. 

(i) The operating voltage of the cathode 
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Figure 37. (U) Acquisition range generator—effect of 
changing rate variable resistor R13, 


V8A, to the +250-volt supply, from 
ground through Ril, cathode-to-con- 
trol grid of V2 to the other plate of C3. 
As C3 is recharged, the voltages at the 


cathode and grid of V8A rise. This 
rise causes the voltage at the plate of 
V2 to return to the control voltage ap- 
plied through P1-5. The circuit re- 


of V8A varies with the control vollage 
at P1-5 and may become as high as 140 
volts at long ranges. Since the maxi- 
mum allowable heater-to-cathode volt- 


mains quiescent until the next. positive age for V3 is 90 volts, a positive bias 
trigger pulse is applied to the suppres- of +75 volts is applied to the heater 
sor grid of V2. from the voltage divider consisting of 
(g) The purpose of V1B is to isolate the resistors R7 and R8, thus keeping the 
suppressor grid of V2 from the low heater-to-cathode voltage within al- 
impedance output of the acquisition- lowable limits. For this reason, V3 is 
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Figure 38. (U) Acquisition range generator—effect of changing plate voltege of V2. 
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connected to a separate filament trans- 
former winding. 


{2) Acquisition range gate channel. The ac- 


quisition range gate channel is triggered 
by the trailing slope of the phantastron 
delay pulse and generates a positive 50- 
microsecond pulse. This channel con- 
sists of differentiating and clipping am- 
plifier V3B, monostable multivibrator 
V4A and V4B, pulse shaping cathode fol- 
lower V5A, and associated circuit com- 
ponents. 


(a) During quiescence, cathode resistor 


R16 develops sufficient bias to operate 
V3B slightly above cutoff. The lead- 
ing edge of the negative phantastron 
delay pulse from the cathode of V2 
drives the grid of V3B negative. Since 
quiescent operation of V3B is slightly 
above cutoff, the lowering of the grid 
voltage produces a small rise in plate 
voltage. Amplifier V38B returns to 
quiescent operation as capacitor C2 be- 
comes discharged by current flow from 
one plate of C2 through resistor R17, 
coupled through capacitor C5, resistor 
R18, to the + 150-volt supply, and from 
ground through R11 to the other plate 
of C2. 

The trailing edge of the phantastron 
delay pulse attempts to drive the grid 
of V3B positive. The currents result- 
ing from this are such that. the change 
is counteracted and the grid remains at 
zero voltage. The voltage across C2 
must increase as rapidly as the voltage 
at the cathode of V2 increases. This 
requires that a charging current, pro- 
portional to the positive-going trailing 
edge of the cathode voltage of V2, be 
coupled through C2. The charging 
path for C2 is from ground, through 
R11 to one plate of C2, and from the 
other plate of C2 through R17, coupled 
through C5, R18, and to the +150-volt 
supply. Since the positive-going trail- 
ing edge of the phantastron delay pulse 
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is steep, a large voltage rise appears in- 
itially on the grid of V3B, which drives 
V3B into conduction causing a sharp 
instantaneous drop in plate voltage of 
V3B. Thissharp drop in plate voltage 
is coupled through the degenerative 
feedback circuit, consisting of C5 and 
R17, to the grid of V3B, immediately 
cutting off conduetion in V3B. This 
causes an instant rise in plate voltage 
to a small positive peak above the qui- 
escent point; the voltage at the plate 
then immediately returns to quiescence. 
Since the voltage across (5 cannot 
change instantaneously, the smal] posi- 
tive peak of the output pulse is due to 
the addition of voltages across C5 and 
R17 which are in parallel with V8B. 
The sudden drop and rise of plate volt- 
age at V3B results in a sharp negative 
pip output. (E, fig. 36), This delayed 
trigger pulse is coupled through capaci- 
tor C4 and crystal diode CRI to the 
grid of monostable multivibrator V4A. 
Crystal diode CR1 isolates the input to 
V4A from the low output impedance of 
V3B, except for the duration of the 
negative delayed trigger pulse, which 
triggers the multivibrator. 


(d) During quiescence, preceding the nega- 


tive delayed trigger pulse, V4A is con- 
ducting heavily since its grid is re- 
turned to the +250-volt supply. The 
cathode voltage developed across resis- 
tor R27, by the conduction of V4A, 
keeps monostable multivibrator V4B 
biased beyond cutoff. The delayed 
trigger pulse cuts off V4A and enables 
V4B to conduct; 50 microseconds later 
the circuit returns to quiescence. 
GATE LENGTH variable resistor 
R20 in the discharge path of capacitor 
C7 is adjusted for a pulse duration of 
50 microseconds, which provides a 
range gate of 8,000 yards. Since V4A 
is cutoff for 50 microseconds, a positive 
square-wave pulse (F, fig. 36), 50 
microseconds in duration, is coupled 
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from its plate. The leading edge of 
this 50-microsecond square-wave 
pulse is in time coincidence with the 
trailing edge of the phantastron 
delay pulse. The square-wave out- 
put of V4A is coupled through ca- 
pacitor C10 and resistor R33 to the 
grid of pulse shaping cathode fol- 
lower V5B. 

(e) Cathode follower V5E performs the 
function of squaring the square- 
wave pulse by baseline clipping 
and limiting and providing a low- 
impedance output for the range 
gate. Cathode follower V5B is bi- 
ased below cutoff by the voltage di- 
vider consisting of resistor R31 
and R32, which provides baseline 
clipping. Resistor R33 in the grid 
circuit of V5B provides grid cur- 
rent limiting. The square-wave ac- 
quisition range gate output (G, fig. 
86) is coupled from the cathode of 
V5B te RG. GATE connector J1. 


(3) Acquisition range mark channel. The 


acquisition range mark channel is 
triggered by the leading edge of the 
square-wave pulse generated by V4A 
and provides a positive pip 25 micro- 
seconds later. This channel consists 
of the delay cireuit composed of net- 
work driver V5A range mark, delay 
network Z1, and pulse forming tri- 
ode V6A; baseline clipping amplifier 
V6B; differentiating and clipping am- 
plifier V7; and associated circuit com- 
ponents. 

(a) The square-wave output of V4A is 
coupled through capacitor C12 to 
the grid of V5A. Network driver 
V5A is held cut off in its quiescent 
state by a fixed bias obtained from 
the voltage divider composed of re- 
sistors R86 and R37. The leading 
edge of the positive 50-microsecond 
square-wave pulse at the plate of 
V4A raises the grid of V5A above 
cutoff. The conduction of V5A con- 
tinues for 50 microseconds, produc- 
ing a 50-microsecond square wave 
(H, fig. 86) at terminals 3-4 of de- 
lay network ZL. The capacitors of 
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Z1 are charged to +150 volts dur- 
ing the quiescent period. The volt- 
age across these capacitors cannot 
change instantaneously, and all the 
negative voltage must appear across 
the inductor of Z1. Therefore, the 
end of the inductor connected to 
terminal 2 of Z1 is negative with 
respect to ground by an amount 
equal to the drop in plate voltage of 
V5A. Network Z1 is a shock- 
excited LC series resonant circuit. 
The circuit constants are chosen so 
the period of one-fourth cycle is 25 
microseconds. The voltage (J, fig. 
36) at terminal 2 of 21 is, there- 
fore, driven to maximum negative 
at the start of the square wave and 
rises toward ground for 25 micro- 
seconds, At the end of this time, 
pulse forming triode V6A, which 
was cut off by the negative 25- 
microsecond voltage across the in- 
ductor, conducts again. When ter- 
minal 2 of Zi and the grid of 
V6A attempt to go positive, as this 
oscillatory circuit would require, 
the grid of V6A draws current and 
dampens further oscillation. The in- 
ductance of Z1 is adjusted by the 
range mark delay variable inductor 
so that normally conducting V6A 
is cut off for 25 microseconds. 


Because V6A is cut off for the first 
25 microseconds, a positive 25- 
microsecond square wave (K, fig. 
86) appears at its plate; only the 
trailing edge is of interest. The 
trailing edge of the square wave is 
a sharp negative-going voltage be- 
cause the plate resistance of V6A is 
much lower than the plate load re- 
sistance of R40 at conduction. This 
ratio causes V6A to appear as a 
short circuit as soon as conduction 
begins, resulting in a sharp trailing 
edge of the positive square wave at 
the plate of V6A. The 25-microsec- 
ond square-wave pulse at the plate 
of V6A is coupled through capaci- 
tor C14 to the grid of V6B. 


{e) Baseline clipping amplifier V6B in- 
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verts and squares the 25-microsec- 
ond square-wave pulse, Amplifier 
V6B is biased below cutoff by the 
voltage divider composed of resis- 
tors R41 and R42. The positive 
square wave is clipped along the 
baseline and a negative 25-micro- 
second square wave (L, fig. 86) ap- 
pears at the plate of V6B. 


The plate signal of V6B is differen- 
tiated at the control grid of differen- 
tiating and clipping amplifier V7 by 
the RC circuit composed of capacitor 
C16 and resistor R46. This RC cir- 
cuit has a time constant that is small 
compared with the duration of the 
pulse. It differentiates the negative 
square wave developed at the plate of 
V6B; for, when the plate voltage 
drops, the voltage at the control grid 
of V7 drops momentarily and returns 
to ground potential rapidly as C16 
discharges. The plate voltage of V6B 
rises sharply 25 microseconds later; 
the control grid of V7 rises momen- 
tarily and returns rapidly to ground 
potential as C16 charges. A negative 
pulse results at the control grid of 
V1, corresponding to the leading 
edge of the acquisition range gate, 
and a positive pulse corresponding to 
the delay established by Z1. Since V7 
is biased near cut-off due to the large 
cathode resistance of resistor R50, 
the negative pulses are eliminated. 
The positive pulses produce heavy 
surges of plate current, which result 
in negative voltage pips (M, fig. 36) 
appearing at the plate of V7. Trans- 
former T1 is connected so that the 
output pulse (N, fig. 36) at RG. MK. 
connector J3 is positive. This pulse 
is tyansmitted to the PPI and to the 
video and mark mixer as the acquisi- 
tion range mark. 
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ce. Acquisition Range Generator 9007684. 
Acquisition range generator 9007684 is similar 
to acquisition range generator 8172913. Ac- 
quisition range generator 9007684 differs in 
that it extends the range of the PPI by provid- 
ing a longer time delay in the phantastron cir- 
cuit and by increasing the limits of allowable 
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error at maximum ranges. Values of C3 and 
R13 were increased to provide a longer RC 
time constant, producing a longer phantastron 
delay pulse generated by discharging 3. 


45.1 (U). Acquisition Range Generator 
9143997 

a. General, The acquisition range genera- 
tor provides the acquisition radar presentation 
system with an acquisition range mark and an 
acquisition range gate, The acquisition range 
mark is a 0.5-mierosecond pulse that appears 
on each sweep of the acquisition PPI. Because 
an acquisition range mark appears on each 
sweep, it generates a range circle on the PPI 
screen. The acquisition range marks also ap- 
pear on the precision indicator and B scope 
indicator as a horizontal line during alinement. 
The acquisition range gate is a 152.4-micro- 
secona (25,000-yard)} positive pulse, centered 
about the acquisition range mark. The acquisi- 
tion range gate is utilized by the range sweep 
generator of the precision indicator to generate 
a 25,000 yard range sweep. 

Note. Continuous reference in b and ¢ below is made 
to figure 80, TM 9-1430-257-20/1 unless otherwise indi- 
cated, 


b. Detailed Theory. 


(1) Phantastron delay cireuit. The phan- 
tastron delay cireuit consists of block- 
ing diodes VIA and V1B, phantastron 
V2, cathode follower V3A, and as- 
sociated circuit components, The cir- 
cuit is used to produce a delayed out- 
put pulse with a delay proportional 
to the control voltage tapped off range 
variable resistor R1, located externally 
on the target designate control- 
indicator. 

(e) Phantastron V2 has a sharp sup- 
pressor-to-plate cutoff. During the 
quiescent period, the screen grid of 
V2 draws sufficient current through 
cathode resistor R11 to keep the 
suppressor grid negative with re- 
spect to the cathode and thereby 
keep the plate of V2 cut off. The 
plate of V2 is at the same voltage 
as the control voltage applied at 
connector P1-5 because the resist- 
ance of blocking diode V1A is negli- 
gible in comparison with the re- 
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(e) 


(a) 


sistance of resistor R9, Since the 
control grid of V2 is returned to 
the +150-volt supply through a high 
resistance, it will draw sufficient 
current to keep the control grid 
voltage essentially equal to the cath- 
ode voltage. 

The positive 1-microsecond preknock 
pulse (A, fig. 38.1) at connector J2 
is applied directly to the plate of 
blocking diode V1B. Diode V1B con- 
ducts while the positive preknock 
pulse is present at the plate. The 
positive pulse at the cathode of VIB 
is coupled directly to the suppressor 
grid of V2 and causes V2 to conduct. 
The drop in plate voltage of V2 (B, 
fig. 38.1) through cathode follower 
V3A and capacitor C3 is transmitted 
to the contro] grid of V2. The drop 
in the control grid voltage reduces 
the plate current and lowers the 
cathode voltage of V2 to approxi- 
mately zero. This prevents the 
screen grid from drawing current. 
The suppressor grid is no longer 
biased negatively with respect to the 
cathode; consequently, the plate of 
V2 will continue to draw current 
after the expiration of the trigger 
pulse, 

The circuit action described takes 
place instantaneously. It results in 
abrupt voltage drops at the plate, 
control grid, and cathode of V2. 
The voltage drop at the cathode of 
V2 forms the leading edge of the 
output (D, fig. 38.1}. This initial 
switching action is followed by a 
period of relative stability, during 
which the actual timing wave is 
generated by discharging C3. 
During the stable period following 
the initial switching, the high nega- 
tive feedback in V2 is the result of 
the plate-to-control grid coupling 
through V3A. Any further change 
in the control grid voltage of V2 
sets up currents in the circuit to 
oppose such a change. Control grid 
voltage increases gradually to qui- 
escence as C8 discharges through 
resistor R12, RATE variable re- 
sistor R13, and resistor R14 to the 
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+150-volt supply, ground, the —250- 
volt supply, and resistors R51 and. 
R15 to the other side of C3. This 
current discharges C3 at a constant. 
rate, resulting in a linear change of 
voltage across C3. 


The rate of discharge and thus the 
slope of the voltage drop (B, fig. 
38,1) at the plate of V2 is pro- 
portional to the charge in C3. The 
setting of R13 determines the slope 
of discharge (fig. 37). The rate of 
discharge with a constant slope is 
proportional to the variations in 
plate voltage of V2 (fig. 38) caused 
by moving the brush arm of acquisi- 
tion range variable resistor R1 on the 
target designate control-indicator. 
When the discharge of C3 has pro- 
gressed to a certain point, a second 
switching action takes place. At 
this point, the plate current of V2 
has reached a value where an in- 
erease in the control grid voltage no 
longer causes an increase in plate 
current. When this occurs, the con- 
trol grid voltage rises (C, fig. 38.1), 
since there is no longer negative 
feedback through V8A and C8 to 
keep the control grid voltage of V2 
constant. As the control grid voltage 
rises, screen grid current increases. 
This action takes place rapidly and 
stops when the screen grid of V2 is 
drawing enough current to raise the 
cathode voltage sufficiently to cause 
the suppressor grid to cut off the 
plate, The control grid of V2 draws 
eurrent and quickly recharges C3. 
The charge path of this current is 
from one plate of C8 through V3A, 
to the +250-volt supply, ground, 
R11, and cathode-to-control grid of 
‘V2 to the other plate of C3. As C3 
is recharged, the voltages at the 
cathode and grid of V3A rise. This 
rise causes the voltage at the plate 
of V2 to return to the control volt- 
age applied through P1-5. The cir- 
cuit remains quiescent until the next 
positive trigger pulse is applied to 
the suppressor grid of V2, 


(g) The purpose of V1B is to isolate the 
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Figure $8.1 (U). Acquisition range generator — voltage waveforms in relation to time. 


suppressor grid of V2 from the low 
impedance output of the acquisition- 
track-synchronizer, except when the 
preknock pulse is applied. 


{h) Calibration of the acquisition range 


generator is accomplished by adjust- 
ment of R13 and ZERO variable re- 
sistor R2. Variable resistor R2 is con- 
nected in series with resistor R3 to 
ground at one end and to connector 
P1-3 at the other end. The setting of 
R2 determines the control voltage at 
P1-5 when range variable resistor 
R1 on the target designate control- 
indicator is set to minimum range. 


)} The operating voltage of the cathode 
of V3A varies with the control volt- 
age at P1-5 and may become as high 
as 140 volts at long ranges. Heater- 
to-cathode voltage for V3 is 90 volts, 
a positive reference of +75 volts is 
applied to the heater from the volt- 
age divider consisting of resistors RT 
and R8, thus keeping the heater-to- 
eathode voltage within allowable 
limits, For this reason, V2 is con- 
nected to a separate filament trans- 
former winding. 


(2) Acquisition range gate channel. The 


acquisition range gate channel is trig- 
gered by the trailing edge of the phan- 
tastron delay pulse and generates a pos- 
itive 152.4-microsecond pulse. This 
channel consists of differentiating and 
clipping amplifier V3B, monostable 
multivibrator V4A and V4B, puise 
shaping cathode follower V5A, and as- 
sociated circuit components. 


(a) During quiescence, cathode resistor 


R16 develops sufficient bias to hold 
V3B slightly above cutoff. The lead- 
ing edge of the negative phantas- 
tron delay pulse from the cathode 
of V2 drives the grid of V3B nega- 
tive. Lowering the grid voltage pro- 
duces a small rise in plate voltage. 
Amplifier V3B returns to quiescent 
operation as positive feedback cou- 
pled through capacitor C5 and re- 
sistor R17 to the control grid 
counteracts the negative pulse. 
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(b) The trailing edge of the phantastron 


(ce) 


(a 


delay pulse tends to drive the grid of 
V8B positive. The voltage across C2 
must increase as rapidly as the volt- 
age at the cathode of V2 increases. 
This requires that a charging cur- 
rent, proportional to the positive- 
going trailing edge of the cathode 
voltage of V2, be coupled through C2. 
The charging path for C2 is from 
ground, through Ril to one plate of 
C2, and from the other plate of C2 
through R17, coupled through C5 
and R18, and to the +150-volt sup- 
ply. Since the positive-going trailing 
edge of the phantastron delay pulse 
is steep, a large voltage appears ini- 
tially on the gridof V3B, which drives 
V3B into conduction causing an 
instantaneous drop in the plate 
voltage of V3B. This drep in plate 
voltage is coupled through the de- 
generative feedback circuit consist- 
ing of C5 and R17 to the grid of 
V3B, immediately cutting off con- 
duction in V3B, This causes an in- 
stant rise in the plate voltage to a 
small positive peak above the quies- 
cent point: the voltage at the plate 
then immediately returns to quies- 
cence. The small positive peak of the 
output pulse is due to the addition of 
voltages across C5 and R17 which 
are in parallel with V3B. The 
sudden drop and rise of the plate 
voltage at V8B results in a sharp 
negative pip output (E, fig. 38.1). 
This delayed trigger pulse is cou- 
pled through capacitor C4 and crys- 
tal diode CR1 to the grid of V4A. 


Crystal diode CR1 isolates the in- 
put to V4A from the low output 
impedance of V3B, except for the 
duration of the negative delayed 
trigger pulse, which triggers V4A. 


During quiescence, V4A is conduct- 
ing heavily since its grid is re- 
turned to the +250-volt supply. The 
cathode voltage developed across re- 
sistor R27 keeps V4B biased be- 
yond cutoff. The delayed trigger 
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pulse cuts off V4A and enables V4B 
to conduct; 152.4 microseconds later 
the circuit returns to quiescence. 
GATE LENGTH variable resistor 
R20 in the discharge path of ca- 
pacitor C7 is adjusted for a pulse 
duration of 152.4 microseconds, 
which provides a range gate of 25,- 
000 yards. Since V4A is cut off for 
152.4 microseconds, a positive 
square-wave pulse (F, fig. 38.1) is 
coupled from its plate. The leading 
edge of this square-wave pulse is in 
time coincidence with the trailing 
edge of the phanstrom delay pulse. 
The square-wave output of V4A is 
coupled through capacitor C10 and 
resistor R33 to the grid of V5B. 


(@) Cathode follower V5B performs the 


function of squaring the square- 
wave pulse by baseline clipping and 
limiting and providing a low-imped- 
ance output for the range gate. 
Cathode follower V5B is biased be- 
low cutoff by the voltage divider 
consisting of resistors R31 and R32, 
which provides baseline clipping. 
Resistor R33 in the grid circuit of 
V5B provides grid current limiting. 
The square-wave acquisition range 
gate output (G, fig, 38.1) is coupled 
from the cathode of V5B to RG. 
GATE connector J1. 


(3) Acquisition range mark channel. The 
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acquisition range mark channel is 
triggered by the leading edge of the 
square-wave pulse generated by V4A 
and provides a positive pip 76 micro- 
seconds later, This channel consists of 
the delay circuit composed of network 
driver V5, range mark delay network 
Zl, capacitor C19, and pulse-forming 
triode amplifier V6A ; baseline clipping 
amplifier V6B; differentiating and 
clipping amplifier V7; and associated 
circuit components. 


(a) The square-wave output of V4A 


is coupled through capacitor C12 to 
the grid of V5A. Network driver 
‘V5A is held cut off by a fixed bias 
obtained from the voltage divider 
composed of resistors R36 and 
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R37. The leading edge of the posi- 
tive 152,4-microsecond square-wave 
pulse at the plate of V4A raises the 
grid of V5A above cutoff. The con- 
duction of V5A produces a 152.4- 
microsecond square wave (H, fig. 
88.1) at terminals 3 and 4 of delay 
network Z1. Capacitor C19 and the 
capacitors of Z1 are charged to 
+150 volts during the quiescent 
period. The voltage across these 
capacitors cannot change instanta- 
neously, and all the negative voltage 
must appear across the inductor of 
Z1. Therefore, the end of the induc- 
tor connected to terminal 2 of 21 is 
negative with respect to ground by 
an amount equal to the drop in plate 
voltage of V5A. Network Z1 is a 
shock-excited LC series resonant 
circuit, The circuit constants are 
chosen so the period of one-fourth 
eycle is 76 microseconds. The volt- 
age (J, fig. 38.1) at terminal 2 of Z1 
is, therefore, driven to maximum 
negative at the start of the square 
wave and rises toward ground for 
76 microseconds. At the end of this 
time, V6A, which was cut off by the 
negative voltage across the induc- 
tor, conducts again, When terminal 
2 of Z1 and the grid of V6A attempt 
to go positive, as the oscillatory cir- 
cuit would require, the grid of V6A 
draws current and dampens further 
oscillation. The inductance of Z1 is 
adjusted by the range mark delay 
variable inductor so that normally 
conducting V6A is cut off for 76 
microseconds. 


Because V6A is cut off for the first 
76 microseconds, a positive square 
wave (K, fig. 38.1) appears at its 
plate; only the trailing edge is of 
interest. The trailing edge of the 
square wave is a sharp negative- 
going voltage because the plate re- 
sistance of V6A is much lower than 
the plate load resistance of R40 at 
conduction. This ratio causes V6A 
to appear as a short circuit as soon 
as conduction begins, resulting in 
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a sharp trailing edge of the positive 
Square wave at the plate of V6A. 
The 76-microsecond square-wave 
pulse at the plate of V6A is coupled 
through capacitor C14 to the grid 
of V6B, 


Baseline clipping amplifier V6B in- 
verts and squares the 76-micro- 
second square-wave pulse. Ampli- 
fier V6B is biased below cutoff by 
the voltage divider composed of re- 
sistors R41 and R42. The positive 
Square wave is clipped along the 
baseline and a negative 76-micro- 
second square wave (L, fig. 38.1) 
appears at the plate of V6B. 


The plate signal of V6B is differ- 
entiated at the control grid of V7 
by the RC circuit, composed of ca- 
pacitor C16 and resistor R46. This 
RC cireuit has a time constant that 
is small compared with the dura- 
tion of the pulse. It differentiates 
the negative square wave developed 
at the plate of V6B: for, when the 
plate voltage drops, the voltage at 
the control grid of V7 drops mo- 
mentarily and returns to ground 
potential rapidly as C16 discharges. 
The plate voltage of V6B rises 
sharply 76 microseconds later; the 
control grid of V7 rises momen- 
tarily and returns rapidly to ground 
potential as C16 charges. A negative 
pulse results at the control grid of 
V7, corresponding to the leading 
edge of the acquisition range gate, 
and a positive pulse corresponding 
to the delay established by Z1. Since 
V7 is biased near cutoff due to the 
large cathode resistance of resistor 
R50, the negative pulses have no 
effect. The positive pulses produce 
heavy surges of plate current, which 
result in negative voltage pips (M, 
fig. 38.1) appearing at the plate of 
V7. Transformer T1 is connected so 
that the output pulse (N, fig. 38.1) 
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at RG. MK, connector J3 is positive. 
This pulse is transmitted to the PPI 
and to the video and mark mixer as 
the acquisition range mark. 


46 (U). Low-Power Servo Amplifier 7614253 


a. General. The low-power servo amplifier 
receives 400-cps error signals and converts 
them into corresponding driving power neces- 
sary to drive a motor-generator of servo sys- 
tems. The low-power servo amplifier has high 
gain, a nonvarying phase characteristic, and a 
low noise level at 400 eps. At maximum signal 
amplitude, the power output is 10 watts. 

b. Detailed Theory. The low-power servo 
amplifier (fig. 19, TM 9-1430-257-20) contains 
two-stage voltage amplifiers VIA and V1B; 
driver amplifiers V2A and V2B; power ampli- 
fiers V3 and V4; output transformer T1; 
bridged-T network composed of resistors R6 
and R7 and capacitors C2 and C3; and asgso- 
ciated circuit components. 

(1) Voltage amplifiers VIA and VIB. A 
400-eps error signal is applied to con- 
nector P1-3 which is connected di- 
rectly to the grid of voltage amplifier 
VIA. The bias applied to the grid of 
V1A is developed by the voltage di- 
vider composed of resistors R2, R3, 
and R8. The bias applied to the grid 
of voltage amplifier V1B is developed 
by the voltage divider composed of 
resistors R4, R5, and R1. During dy- 
namic operation, the bias connection 
causes degenerative current feedback 
from V1B to V1A. If the plate cur- 
rent of V1B increases, the voltage 
across cathode resistor R8 increases, 
making the cathode of VIB more posi- 
tive, The voltage r‘se on the cathode 
of V1B is fed back to the grid of VIA 
through R3, causing the grid of VIA 
to go more positive. This rise in 
grid voltage of VIA causes an in- 
crease in plate current, thereby caus- 
ing a drop in plate voltage of VIA. 
Capacitor Cl couples this drop in 
plate voltage of V1A to the grid of 
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V1B, which results in reduction of cur- 
rent through V1B. Thus, the degenera- 
tive current feedback counteracts any 
increase in plate current of V1B, causing 
the plate current of V1B to remain essen- 
tially constant. Consequently, the effec- 
tive output impedance is high, so that 
V1A and V1B may be regarded as a con- 
stant current generator. 


(2) Driver amplifiers V@A and VaB. 


(a) The 400-cps plate signal from VIB is 
coupled through capacitor C3 to the 
grid of driver amplifier V2A. Driver 
amplifiers Y2A and V2B are coupled 
by common cathode resistor R10. 
When V2A is increasing in conduction 
the voltage drop across R10 goes posi- 
tive, causing V2B conduction to de- 
erease, which results in paraphrase 
amplifier outputs at the plates of V2A 
and V2B. The two output voltages of 
opposite phase are necessary for driv- 
ing power amplifiers V3 and V4. Am- 
plifier V2A inverts the signal and in- 
ereases its amplitude to the desired 
level. Amplifier V2B amplifies it to 
the same level as obtained from V2A, 
but of opposite polarity. The grids of 
V2A and V2B are at cireuit ground 
potential. Due to the symmetry of 
both stages, the quiescent currents of 
V2A and V2B are nearly equal. The 
two quiescent currents add in R10 and 
produce a drop across R10 sufficient to 
keep the cathodes at a low positive de 
potential. This value will not fluctuate 
significantly when the —250-volt sup- 
ply fluctuates, since this biasing ar- 
rangement provides for highly effective 
self-compensation. For example, an 
increase in the value of negative sup- 
ply voltage causes an increase in the 
quiescent. tube currents and thus an in- 
erease in the voltage drop across R10, 
making up for the drop in supply volt- 
age. Therefore, a stable cathode bias 
is effective on both V2A and V2B. 

(b) In dynamic operation, the large cath- 


ode resistor, R10, has the effect of pre- 
venting any appreciable change in the 
sum of the current flow through V2A 
and V2B. When the current of V2A 
decreuses, due to the application of a 
negative signal to the grid, the poten- 
tinl of the cathode tends to drop. This 
decreases the cathode-to-grid voltage 
of V2B, causing an increase in the cur- 
rent through V2B.. The sum current 
flowing through R10 thus remains es- 
sentially constant, since a small varia- 
tion in the sum current in enough to 
allow the cathode potential to swing an 
amount sufficient for adjusting the cur- 
rent through V2B, as required. The 
cathode voltage variation of V2A and 
V2B allows the currents to compensate 
each other in the described manner; 
that is, the cathodes of V2A and V2B 
swing in phase with the grid signal ap- 
plied to V2A and with an amplitude 
equal to half the grid signal amplitude 
at V2A. The 400-cps error signals on 
the plates of V2A and V2B are equal 
in amplitude and opposite in phase. 


(3) Power amplifiers V3 and V4. 
(a) The push-pull 400-eps error signal out- 


puts of V2A and V2B are coupled 
through capacitors C4 and C5 and 
parasitic suppressor resistors R12 and 
R15 to the grids of power amplifiers 
V8 and V4, respectively. The plates of 
V3 and V4 are coupled to output trans- 
former T1. Resistor R14 provides the 
bias for class AB operation of V3 and 
V4, Resistors R17 and R19 are in- 
serted in the plate circuit to suppress 
parasitic oscillations. The load, which 
is connected to the secondary of T1 
(terminal 1) through connector P1-11, 
js the control winding of the driven 
motor-generator. This inductive load 
is resonated by capacitors C6 and C7, so 
that the impedance reflected into the 
primary of T1 is almost a pure resist- 
ance. Both V3 and V4 see half of this 
reflected resistance. Resistors R21 
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and R22 function as a voltage divider 
to furnish degenerative feedback volt- 
age to the bridged-T network. Resis- 
tor R18 is used to drop the supply volt- 
age to the value required at the screen 
grids of V8 and V4. 

The plate voltage supply for V3 and 
‘V4 is the unfiltered output of a full- 
wave rectifier located in the +270v. 
— 28v, and +75v or +175v power sup- 
ply. This power supply is located in 
the director station group. The 208- 
volt, 400-eps, phase A and C ac input 
to a full-wave rectifier in the power 
supply is taken from the same source 
that provides the servo excitation volt- 
age. The unfiltered rectifier output 
is a 400-cps, full-wave, rectified sine 
wave with a peak value of ap- 
proximately 420 volts and an average 
value of +270 volts. The rectified un- 
filtered voltage applied to the plates of 
V3 and V4 is in phase with the 400- 
eps error voltage applied to the control 
grids of V3 and V4. “Because the plate 
voltage is unfiltered, only input signals 
of 400 cps and the same phase as the 
plate voltage can be successfully ampli- 
fied. The power output is approxi- 
mately 10 watts obtained from the 
420-volt peak voltage at 800-cps ripple. 


4. The rectified unfiltered plate voltage 


supply, with an average value of 
+270 volts, allows class AB opera- 
tion of the power amplified with an 
efficiency greater than is ordinarily 
obtained using a filtered 270-volt de 
plate supply for class B operation. 
In addition, output power is obtained 
with a rectified unfiltered 270-volt 
plate supply that would ordinarily 
require a filtered 420-volt. plate sup- 
ply. In norma] class AB operation 
with a filtered de plate supply (fig. 
39), both V3 and. V4 will conduct for 
more than a half-cycle of grid input 
voltage Eo, and Ex;. This conduc- 
tion of more than a half-cycle occurs 


when the output current waveform 
goes below the operating point to- 
ward the cutoff point. Since both 
V3 and V4 are conducting at this 
time, the two currents below the op- 
erating point are cancelled in the pri- 
mary of Tl. The currents that are 
cancelled represent wasted power 
that heats V3 and V4 unnecessarily. 


2. In this circuit, using an unfiltered 


plate supply (fig. 40), the rectified 
unfiltered 400-cps plate voltage re- 
turns to 0 volts simultaneously for 
each half-cycle of the 400-cps voltage 
waveform. The 400-cps voltage 
waveform appears across terminals 
4 and 5 of Ti (fig. 19, TM 9-1430- 
257-20) when V4 is conducting and 
across terminals 6 and 5 of T1 when 
V3 is conducting so that both V3 and 
V4 are cut off at the same instant. 
The 400-cps voltage appears across 
terminals 1 and 3 of Tl, At no time 
when sufficient 400-cps control sig- 
nals are applied to the control grid 
of V3 and V4 is there wasteful can- 
eellation of currents in Ti. Thus, 
this circuit operates as class AB, 
which is equivalent. to class B oper- 
ation, 


(ce) At higher frequencies caused by spuri- 


ous oscillations and by vibrations in the 
motor-generator shaft, the 400-cps 
feedback voltage and the 400-cps servo 
error voltage applied at. P1-8 (fig. 19, 
TM 9-1430-257-20) cannot be. main- 
tained at 180° phase opposition ; regen- 
eration instead of degeneration results. 
To prevent this condition, the system 
is made insensitive to rapid fluctuations 
in speed and error by shunting the 
grids of V3 and V4 with series RC net- 
work C8 and R20. At 400 cps, the re- 
actance of C8 is so large that attenua- 
tion due to this network is neglible. 
At frequencies above 1,000 cps caused 
by spurious oscillations, the reactance 
of the series RC network decreases. 
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Figure 39. (U} Dynamic churacteristicn shoving the effect of class AB push-pull amplifier operation with a filtered 
plate voltage supply. 


The gain of the amplifier decreases third harmonic distortion. Since LC 
sharply for signals beyond 1,000 cps components required to resonate at 400 
causéd by signal attenuation between eps are too bulky, it is more practical 
grids. The output from the low-power to use aselective feedback or bridged-T 
servo amplifier is applied to its load network to obtain the required fre- 
through P1-11. quency response. The bridged-T net- 
(4) Bridged-T network. work consists of C2, C3, R6, and R7. 
(a) The 400-cps error signal applied at (®) Assuming that the frequency ap- 
P1-3 is the sum of a 400-cps servo error proaches zero in the bridged-T net- 
voltage and a 400-cps feedback voltage work, most of the feedback signal fed 
180° out of phase. This voltage, ap- into the network must pass through R7 
plied to the grid of V1A, is not a pure since C2 offers a large reactance to low 
sine wave since it contains third har- frequencies. Assuming that the fre- 
monic distortion. This distortion is of quency approaches infinite frequency 

no use in driving the motor-generator. in the bridged-T network, most of the 
Moreover, it would add to the current feedback signal fed into the network 
flowing through V3 and V4 causing must pass through C2 and C3 since the 
unnecessary heating and loading of the reactance of C2 and C3 is much smaller 
plates. To minimize plate dissipation, than the resistance of R6 and RZ. 

it is necessary to discriminate against Therefore, frequencies below and above 
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Fignre 40. (U) Class AB push-pudl amplifier operation 
with u rectified unfiltered plite voltage supply), 


400 eps cancel through degeneration 
since the bridged-T network offers lit- 
tle impedance to these frequencies. 
Since the bridged-T network is fre- 
quency selective at 400 cps, maximum 
attenuation occurs at 400 cps. There- 
fore, all four branches are effective 
since the reactance of C2 and C3 are 
of comparable magnitude to both R6 
and R7 (X,.=R). Since the bridged-T 
network offers maximum impedance to 
the 400-cps feedback signal, the 400- 
cps feedback signal cannot be devel- 
oped across R6 and therefore is atten- 
uated in the bridged-T network. The 


400-cps error signal is developed across 
Ré6 and coupled through C3, resulting 
in maximum amplification of the 400- 
eps error signal, 


47. Target Designate Control-Indicator 
9005253, 9007683 


a. General. The target designate control-indi- 
eator contains the necessary controls and indica- 
tors for moving the acquisition range circle and 
steerable azimuth line produced on the plan-posi- 
tion indicator (PPI), A RANGE dial, calibrated 
in thousands of yards, indicates the range estab- 
lished on the PPE. The target. designate control- 
indicator provides the operator with the necessary 
controls to determine the position of a target in 
range and azimuth and to initiate the action re- 
quired to transfer this information to the target 
tracking radar system from the acquisition radar 
system. The target designate control-indicator 
contains two subassemblies listed in (1) and (2) 
below. 

(1) Acquisition range generator 8172913 or 

9007684. 

(2) Low-power servo amplifier 7614253, 
Note, The key letter-number combinations 
shown in parentheses in b below refer to zone 
locations in figure 18, TM {-1480-257-20 unless 
otherwise indicated, 
6, Detailed Theory. 
(1) Acquisition azimuth control resolvers. 

(a) General. Line slew resolver B1 (D7) 
and acquisition line resolver B2 (D8) 
are essentially transformers with two 
fixed primaries and two rotating sec- 
ondaries. The stator and rotor each 
has two windings that are physically 
in quadrature. 

(b) Line slew resolver BI. 

1. Line slew resolver B1 is normally de- 
activated by deenergized line slew 
relay Ki. The modulated 4-ke sig- 
nals which produce the rotating ra- 
dial sweeps on the PPI are applied 
at conneétor J3-b and f for the 
north-south (N-S) signal and at 
connector J3-e and j for the east-west 

(E-W) signal, The N-S and E-W 
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signals are fed through contacts 6-11 
and 3-10 of deenergized K1 to con- 
nector J3-D and V, respectively. 
Normally, K1 is deenergized and 
contacts 5 and 4, which connect to 
R1 and R4 of Bl, are open. Mounted 
beneath the azimuth knob is a ring 
type azimuth switch $1 (D10) that 
controls K1. When 81 is depressed, 
—28 volts is applied through con- 
nector J3-g to steerable azimuth line 
relay K1 located in the PPI of the 
battery control console. Steerable 
azimuth line relay K1 energizes and 
applies — 28 volts through connector 
J3-G, thereby energizing line slew 
relay K1. With line slew relay K1 
energized, the modulated 4-ke signal 
which produces the PPI rotating 
radial sweep positioning voltage is 
replaced by the output from B1; the 
acquisition video and marks are re- 
moved from the PPI in the battery 
control console because of the action 
of energized externally-mounted. 
steerable azimuth line relay K1. 


2. A constant amplitude 4-ke reference 


earrier from the 4-ke oscillator is 
applied at connector J3-L to stator 
terminal S1 of Bt. Stator terminals 
52, 53, and $4 of Bi are returned to 
ground through connector J3-M. 
The output at rotor terminals RI-R3 
of B1 is the N-S signal. The output 
at rotor terminals R2-R4 of Bl isthe 
E-W signal. When K1 isenergized, 
these outputs, the N-S and E-W sig- 
nals, produce a stationary sweep on 
the PPI of the battery control con- 
sole. This sweep is called the steer- 
able azimuth line. This steerable 
azimuth line can be moved to any azi- 
muth by rotating the azimuth knob. 
Releasing S1 deenergizes K1 and 
returns the rotating radial sweep and 
the acquisition video and marks to 
the PPI. Resolver B1 is mechani- 
cally connected to acquisition line re- 


solyer B2 discussed in (¢) below and 
control transformer B3 discussed in 
(d) below. 


(ec) Acquisition line resolver B@. The 


@ 


modulated 4-ke signals are applied 
across J3-b and f for the N-S signal 
and across J3-e and j for the E-W sig- 
nals and are fed to stators S1-S3 and 
S2-S4, respectively, of acquisition line 
resolver B2. Rotor terminals of R1- 
R83 of B2, for the N-S output signal, 
are connected to connector J3-P and 
Z. Rotor terminals of R2-R4, for the 
E-W output signal, are connected to 
connector J3-Q anda. The modulated 
N-S and E-W 4-ke signals, which are 
sinusoidally modulated at a frequency 
dependent upon the frequency of the 
acquisition antenna rotation, are mod- 
ified by the azimuth position of B2. 
The modified modulated 4-Ke signals 
are used in the precision indicator of 
the battery control console for gener- 
ating azimuth sweeps and for unblank- 
ing the cathode-ray tube screen. The 
modified modulated 4-ke signals are 
also used in the precision indicator of 
the battery control console for gener- 
ating an acquisition azimuth mark 
which appears on the PPI as a flashing 
azimuth line. This line appears as the 
rotating radial sweep rotates past the 
designated azimuth. By rotating the 
azimuth knob, the flashing azimuth line 
can be made to appear at any azimuth 
position on the PPT. 

Control transformer B3. The rotor 
of contro] transformer B3 is mechani- 
cally connected to the rotors of B1, B2, 
and the azimuth knob. Rotor termi- 
nals R1 and R2 of B3 are connected to 
connector J4-L and K. The stator ter- 
minals $1, $2, and $3 of B3 are con- 
nected to connector J4-J, H, and C. 
Any rotation of the azimuth knob will 
cause a voltage to be induced in the ro- 
tor of B3. The voltage induced in the 
rotor of B3 is the error voltage between 
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azimuth control transmitter B1, located 
in the target track antenna-receiver- 
transmitter group, and B3. The error 
voltage is used as a slewing voltage for 
slewing the target. track antenna when 
ACQUIRE switch S5, located in the 
target track control drawer of the tar- 
get radar control console, is closed. 
Upon application of the error voltage, 
the target track antenna slews to a 
position in azimuth corresponding to 
the azimuth designated by the azimuth 
position of B3. 


(2) Range MAN-AID switch S6 and range 


SLEW switch S85. 


(a) There are three methods of controlling 


the range servo system; manual, aid, 
and slew, With MAN-AID switch S6 
{B7) in MAN position, clutch coil L1 
is energized, disengaging range hand- 
wheel generator B5 from the brush 
arm of aid variable resistor R3 (B8) 
because of the mechanical action of the 
clutch. The brush arm of R3 is re- 
turned to the electrical center of R38 
since the brush arm is spring-loaded. 
As B65 is rotated by hand, the generator 
rotor is turned and a,400-cps error volt- 
age is developed. The amplitude of 
this 400-cps error voltage varies di- 
vectly with the speed of rotation of B5, 
The phase relationship between the 
400-cps error voltage and the 400-eps 
excitation voltage applied through 
connectors J4-B and A changes 180° 
as the direction of rotation of BS is 
changed. The amplitude determines 
the speed of acquisition range mark 
movement. while the direction deter- 
mines the phase. The 400-cps error 
voltage, developed across resistor R15, 
is coupled to connector J1-3 and to the 
low-power servo amplifier through 
either R6, R7, or R8, depending on the 
operating condition of 15-rpm and 10- 
rpm relays K2 and K8, respectively. 


(0) When S6 is placed in the AID posi- 


tion, Il is deenergized. This releases 
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the spring-loaded clutch allowing the 
friction plates to engage B5 mechani- 
cally to the brush arm of R3. A 400- 
eps excitation voltage from trans- 
former T1 is applied across parallel- 
connected BAL. 1, BAL. 2, and aid 
variable resistors R20, R14, and R3, 
respectively. ~To-prevent range motor- 
generator B4 from creeping when there 
is no 400-cps error voltage being ap- 
plied to the low-power servo amplifier, 
balance switch S7 is closed and R20 is 
adjusted for zero creep of B4. Switch 
87 is opened after the adjustment of 
R20 is completed. By balancing R14 
and the centering lever on R3, no 400- 
cps error voltage can be developed, 
thereby preventing B4 from creeping 
when B5 is stationary. Essentially, R3 
and R14 form a bridge circuit, The 
brush arm of R14 determines the 
ground reference point, since it is con- 
nected through R12 and R13 to ground. 
By adjusting R14, the voltages that 
cause creeping are canceled by apply- 
ing an amplitude balance voltage to B4 
that is equal to the algebraic sum of 
all the voltages that cause creep but is 
opposite in phase. Since the brush arm 
of R3 is at ground potential when it is 
centered, any rotation of B5 displaces 
the brush arm of R3 and a 400-cps error 
voltage is developed. The amplitude 
of this 400-cps error voltage is deter- 
mined by the amount by which the 
brush arm of R38 has been displaced 
from electrical center. The phase re- 
lationship between this 40-cps error 
yoltage and the 400-cps excitation volt- 
age is that of being in phase or being 
180° out of phase, depending on the 
direction in which the brush arm of R3 
is displaced from electrical center. The 
400-cps error voltage that is developed 
between the brush arm of R38 and 
ground is coupled through resistor R5 
and J1-3 to the low-power servo ampli- 
fier. 
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(e) 


(a) 


When range SLEW switch 85 (B8) 
is held closed, the full 400-cps error 
voltage across R3 is developed 
across R17 and coupled through re- 
sistor R9 and Ji-3 to the low- 
power servo amplifier. The phase 
of this 400-cps error voltage, with 
reference to 400-cps servo excita- 
tion is either zero or 180°, de- 
pending upon whether S5 is closed 
in the IN or OUT position. 


The low-power servo amplifier re- 
ceives the 400-cps error voltage 
whether the MAN, AID, or SLEW 
method of positioning is used, If the 
MAN position is being used, the 
gain of the amplifier varies in- 
versely with the rotational speed 
of the antenna. This causes the ac- 
quisition range mark, presented on 
the indicators, to move a greater 
amount at a given speed of RANGE 
handwhee] rotation when operating 
the antenna at a low speed. This is 
considered necessary since the tar- 
get moves a greater distance be- 
tween echoes when the antenna is 
rotating slowly. The gain of the 
low-power servo amplifier is 
changed by changing the input im- 
pedance through the operation of 
15-rpm and 10-rpm relays K2 (B10) 
and K3, respectively, At acquisition 
antenna rotation of 15 revolutions 
per minute (rpm), K2 operates 
when a ground is supplied to con- 
nector J4-g from ANTENNA-AZI- 
MUTH RPM switch 87 located on 
the acquisition control-indicator. 
With K2 energized, the 400-cps 
error voltage from B5 is coupled to 
the low-power servo amplifier 
through R6 and J1-3. As ground is 
removed from J4-g and applied to 
connector J-4c; K2 deenergizes 
and K3 energizes. With K3 ener- 
gized, and with the acquisition an- 
tenna rotation of 10 rpm, the 400- 
eps error voltage from B5 is cou- 
pled to the low-power servo ampli- 
fier through R7 and J1-3. At ac- 
quisition antenna rotation of 5 rpm, 
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(f) 


(9) 
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both K2 and K3 are deenergized and 
the 400-eps error voltage from B5 
is coupled to the low-power servo 
amplifier through R& and J1-3. 
The low-power servo amplifier con- 
sists of a push-pull power amplifier 
that receives the 400-eps servo error 
voltage through voltage amplifiers 
which produce a suitable phase in- 
version. The 400-cps servo error 
voltage, from the output of the low- 
power servo amplifier, is fed to 
motor stator winding 1-2 of B4. 


If only the acquisition radar system 
is operative, the 400-cps excitation 
voltages are applied to B4 (A6) 
from the acquisition power control 
panel. As the target track radar 
power is turned on, track generator 
excitation relay K4 (B11) is oper- 
ated to change the source of the 400- 
eps excitation voltage from the ac- 
quisition power control pane) to the 
target track control power supply. 
This insures that the aid voltage 
supplied to the target track radar 
during the acquire process is of the 
correct phase relationship with the 
400-eps excitation voltage used to 
position the rate variable resistor 
in the target track radar. 


With 400-cps excitation voltage ap- 
plied to B4, the 400-cps servo error 
voltage output of the low-power 
servo amplifier causes the rotor of 
B4 to rotate. The speed of rotation 
is determined by the amplitude of 
the 400-cps servo error voltage, 


As B4 turns, the brush arm of 
range variable resistor R1 (B3), 
mechanically connected to B4, is 
positioned, A 400-cps voltage is de- 
veloped across generator winding 
7-8. A portion of this voltage is 
returned through resistor R10 (C4) 
to the input of the low-power servo 
amplifier where it mixes as a de- 
generative 400-cps servo feedback 
voltage with the 400-cps error volt- 
age from B65 to produce the 400-eps 
servo error voltage. This prevents 
overshooting or mechanical oscilla- 
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tions of the range servo system. 
As B4 rotates, the brush arm of R1 
is placed at a new position. This 
changes the de input range control 
voltage to the phantastron within 
the acquisition range generator, as 
discussed in paragraph 45. An aid 
voltage comparable to the rate of 
range change is available across 
R11. This voltage is supplied to the 
target track radar to assist in ac- 
quiring the designated target. 
(kh) Normally closed cam-operated limit 
switches S2 (A6) and 83 prevent 
B4 from driving Rl against its 
mechanical stops when the gear 
train reaches either end limit. When 
either S2 or S83 opens, the motor 
excitation voltage is dropped 
across R16, causing B4 to become 
inoperative until B4 reverses its 
direction of rotation. 
(3) DESIGNATE-ABANDON switch S4. 
DESIGNATE-ABANDON switch S4 
(A3) is a toggle switch that is spring- 
leaded to center position. Its direction 
of operation from the center position 
determines whether a new target is 
designated or a target being tracked 
is abandoned. Switch S4 controls an 
external light and buzzer that indi- 
cate a target is designated. 
ce. Target Designate Control-Indicater 
9007688. Target designate control-indicator 
9007683 is similar to target designate control- 
indicator 9005253. Target designate control- 
indicator 9007683 (fig. 18, TM 9-1430-257-20) 
differs in that it has a new range dial indicating 
a maximum range of 250,000 yards and a new 
subassembly, acquisition range generator 
9007684, extending the range on the PPI. The 
indicators are not interchangeable. 


47.1 (U). Target Designate Control-Indicator 
9143718 

a. General. The target designate control- 
indicator contains the necessary controls and 
indicators for moving the acquisition range 
circle and steerable azimuth line produced on 
the plan-position indicator (PPI). A RANGE 
dial, calibrated in thousands of yards, indicates 
the range established on the PPI. The target 
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designate control-indicator provides the opera- 
tor with the necessary controls to determine 
the position of a target in range and azimuth 
and to initiate the action required to transfer 
this information to the target tracking radar 
system from the acquisition radar system. The 
target designate control-indicator contains two 
subassemblies listed in (1) and (2) below. 
(1) Acquisition range generator 9143997. 
(2) Low-power servo amplifier 7614253. 
b. Detailed Theory. The detailed theory of 
target designate control-indicator 9143718 (fig. 
79, TM 9-1480-257-20/1) is the same as that 
given in paragraph 47 except for TRACK 
CROSS switch &8. This switch controls pres- 
entation of the track electronic cross on the 
indicators. In the OFF position, S8 provides a 
ground for the target ranging radar cross-off 
relay in the video and mark mixer. The relay 
removes the track range mark and track range 
gate from the presentation system. 


47.2 (U). Target Designate Control-Indicator 
9986487 
Target designate control-indicator 9986487 
is similar to target designate control-indicator 
9007683. Target designate control-indicator 
9986487 (fig. 18, TM 9-1430-257-20) differs in 
that it has RANGE RATE variable resistor 
R21 added and resistor R10 changed to permit 
adjustment of the feedback voltage to the low- 
power servo amplifier. 


47,3 (U), Target Designate Control-Indicator 
9988785 
Target designate control-indicator 9988785 
similar to target designate control-indicator 
9143718. Target designate control-indicator 
9988785 (fig. 79, TM 9-1430-257-20) differs in 
that it has RANGE RATE variable resistor 
R21 added and resistor R10 changed to permit 
adjustment of the feedback voltage to the low- 
power servo amplifier. 


48 {U). Acquisition Control-Indicater 
9137929 

a. General. The acquisition control-indica- 
tor contains various controls, switches, lamps, 
and meters for monitoring and adjusting the 
circuits of the acquisition radar system. The 
meters indicate the acquisition antenna eleva- 
tion, the currents and voltages of the mag- 
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netron, its associated high-voltage power sup- 
ply, and the acquisition magnetron frequency. 
The acquisition control-indicater contains one 
subassembly, which is STC 8512082. 


b. Detailed Theory. 


Note. The key letter-number combinations shown in. 
parentheses in (1) through (21) below refer to zone lo- 
eations in figure 21, TM 9-1430-257-20 unless otherwise 
indicated. 

(1) MAGNETRON switch S1 and MAG- 
NETRON meter M1. MAGNETRON 
switch, $1 (A2) is a 3-position toggle 
switch spring-loaded to center posi- 
tion. Switch $1 provides a means for 
monitoring the voltage and current 
output of the acquisition HV power 
supply and the current output of the 
magnetron. MAGNETRON meter M1 
indicates the amplitude of either the 
acquisition magnetron current, ac- 
quisition HV power supply current, 
or acquisition HV power supply volt- 
age, depending on the position of S1. 
Both $1 and M1 comprise the moni- 
tering circuit. With S1 in the FS= 


(2 


TM 9-1430-250-35 


50 MA position, a portion of the mag- 
netron current is applied to M1 
through connector J3-D and U. With 
S1 in the MA FS—1000 position, a 
portion of the high-voltage power 
supply output current is applied to 
M1 through connector J3-T and frame 
ground. With $1 in the KV FS=—10 
position, a voltage proportional to 
the high-voltage power supply output 
voltage is applied to M1 through 
J3-V and frame ground. 

MAGNETRON-ON switch S2, MAG- 
NETRON-OFF switch S4, and MAG- 
NETRON-HV variable transformer 
T1. MAGNETRON-HV supply vari- 
able transformer T1 is used to vary 
the de output of the acquisition HV 
power supply. When MAGNETRON- 
READY indicator light 12, connected 
across connector J3-d and k, is illu- 
minated, it indicates that the acquisi- 
tion HV power supply is ready to be 
energized. Turning MAGNETRON- 
HV supply knob T1 (fig. 41) 
counterclockwise closes START 
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switch $3, since T1 and $3 are mechan- quisition HV power supply remains en- 
jeally coupled. When MAGNETRON- ergized. When T1 is rotated clockwise, 
ON switch S2 is closed, the acquisition S38 opens. The acquisition HV power 
HY power supply is energized. This ac- supply continues to be energized until 
tion operates high voltage on relays K3 MAGNETRON-OFF switch S4 is de- 
and K4 located in the acquisition power pressed, which deenergizes the circuit. 

control panel, whose contacts bypass S2 (3) IND HV switch 85. IND HV switch 
and $38. MAGNETRON-ON indicator S5 (B2), a 2-position toggle switch, ap- 
light I1, connected in parallel with T1, plies 120-volt, 400-cps, phase B ac voltage 
is illuminated to indicate that the to the PPI HV power supply through 
acquisition HV power supply has been connector J3-c, contacts 1 and 2 of 85, 
energized. When Sg is released, the ac- and connector J3-R. This occurs when 
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Figure 41. (U) Magnetron high-voltage circutt—partial schematic diagram. 
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(4) 


(5) 


S5 is closed, also causing IND HV-ON 
indicator light I3 to illuminate. The 
+1,550 volts from the PPI HV power 
supply, which is applied to the PPI, is 
interlocked through contacts 4 and 5 of 
85. 

MAG FREQ & REC NOISE switch 89. 
MAG FREQ & REC NOISE switch $9 
(C9), a 3-position toggle switch spring- 
loaded to center position, is connected to 
magnetron tuning drive motor B2 in the 
acquisition receiver-transmitter. By 
closing S9 in either the DECREASE 
FREQ or INCREASE FREQ position, 
S9 reverses the direction of rotation of 
B2 by reversing the phase of the alternat- 
ing current applied to B2. A 120-volt, 
400-cps, phase C ac voltage is applied to 
S9 and is used to change the acquisition 
magnetron frequency remotely. 

AFC switch S11 and AFC-RELEASE 
switch S10. AFC switch SH (C4), a 
2-position toggle switch, and AFC-RE- 
LEASE switch $10 (C5), a pushbutton 
type switch, are associated with the ac- 
quisition AFC. An AFC-HUNT indi- 
cator light [4 is provided to indicate that 
the AFC is in the hunt condition. When 
the magnetron is energized and S11 is in 
the ON position, the acquisition AFC is 
energized and will begin hunting, caus- 
ing I4 to illuminate. This hunting con- 
dition will continue until the acquisition 
local oscillator is tuned to the correct fre- 
quency. In actual operation the acquisi- 
tion AFC hunts for the proper acquisi- 
tion local oscillator frequency. When 
this frequency is reached, the acquisition 
local oscillator is said to be locked on and 
I4 is extinguished. However, the acqui- 
sition AFC might attempt to lock the 
acquisition local oscillator on an incorrect 
frequency. In this event, I4 will not be 
extinguished but will flash rapidly at an 
intermittent rate. When this occurs, S10 
can be depressed to cause the acquisition 
AFC to resume searching the frequency 
band, Indicator light 4 will again be 


(6 


(7 


(8 
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illuminated and will remain so until the 
acquisition AFC has found and locked 
the acquisition local oscillator on the 
proper frequency. Although I4 should 
extinguish when the acquisition AFC is 
locked on the proper frequency, I4 may 
flash slowly at an intermittent rate. 
ANTENNA-ELEVATION sean switch 
S6. ANTENNA-ELEVATION scan 
switch $6 (C2) is a 3-position toggle 
switch which is spring-loaded to center 
position from the UP position only. 
Switch S6 permits adjustment of the ac- 
quisition antenna radar beam elevation. 
When S6 is placed in either the UP or 
DOWN/SCAN position, a ground is pro- 
vided to operate the relays in the aequisi- 
tion antenna, which are necessary to con- 
trol the acquisition antenna elevation. 
When S6 is in the UP position, the acqui- 
sition antenna reflector increases in eleva- 
tion until it reaches its upper limit. It 
remains in this position until S6 is oper- 
ated downward. When S6 is placed in 
the DOWN/SCAN position, the acqui- | 
sition antenna reflector automatically 
scans up and down in elevation. 
ANTENNA-ELEVATION synchro 
torque receiver and indicator B1, AN- 
TENNA-ELEVATION synchro torque 
receiver B1 (D3) receives the elevation 
data, for positioning purposes, from an- 
tenna synchro torque transmitter B1 in 
the acquisition antenna. Receiver B1 is 
mechanically coupled to the ANTENNA- 
ELEVATION indicator. The ANTEN- 
NA-ELEVATION indicator indicates 
the degree of tilt (in mils) of the acqui- 
sition antenna RF beam. This synchro 
transmitter-receiver system uses 120-volt, 
400-cps, phase C power for synchro ex- 
citation. 
ANTENNA-AZIMUTH RPM switch 
S?, ANTENNA-AZIMUTH RPM 
switch S7 (C2) is a 4-position rotary 
switch. Its position determines the 
speed of rotation of the acquisition an- 
tenna. The acquisition antenna can be 
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made to rotate at 5, 10, or 15 rpm by 
providing a ground on the proper con- 
tacts of switch S7A to operate the neces- 
sary relays in the acquisition antenna 
pedestal. In the OFF position, switch 
STA applies a blanking voltage by 
grounding the intensity de voltage of the 
PPI in the target radar control console, 
In the OFF position, switch STB com- 
pletes a blanking circuit (par. 382 
(1) (e)}) of the PPI in the battery control 
console. These blanking voltages blank 
the sweeps when the acquisition antenna 
is not rotating. In the 5-, 10-, or 1i-rpm 
position, S7B makes the connection to the 
+250 volts to the resolver amplifier in 
the acquisition antenna pedestal. 

RECEIVER-STC variable resistor R1, 
RECEIVER-GAIN variable resistor R3, 
and transformer T2. RECEIVER-STC 
variable resistor R1 (B35) is provided to 
give the operator control of the ampli- 
tude of the STC pulse. RECEIVER- 
GAIN variable resistor R3 is provided to 
adjust the acquisition IF preamplifier 
gain. Transformer T2 provides filament 
voltage to the various stages in the STC. 


(10) NOISE GEN switch 819 and MAG 


FREQ & REC NOISE meter Me. 
NOISE GEN switch S19 is a 3-position 
rotary switch. When S19 is in the OFF 
position (fig. 42), a voltage tapped from 
frequency measure variable resistor R1 
in the magnetron tuning drive of the 
acquisition receiver-transmitter is ap- 
plied across MAG FREQ & REC 
NOISE meter M2. Since M2 is not cali- 
brated in frequency but in volts, when 
the acquisition magnetron frequency in- 
creases, the voltage reading on M2 
increases, This arrangement indicates 
the approximate acquisition magnetron 
frequency within the 3,100 to 3,500-mega- 
eycle range. When S19 is in the ADJ 
position (fig. 43), high voltage on relay 
K1, located in the acquisition RF power 
supply control, is energized. With K1 
energized, the high voltage induced into 


the secondary of transformer T3, located 
in the acquisition receiver-transmitter, 
ionizes argon gas tube V7, located in the 
noise generator, which generates the noise 
signal. This noise signal is fed back to 
M2, at which time M2 is calibrated to the 
specified meter deflection. When S19 is 
in the MEAS position, K1 is deenergized 
and the meter deflection should indicate 
normal receiver noise. The ADJ and 
MEAS positions of $19 are used to de- 
termine the receiver performance ratio. 
When S19 is in the ADJ position, 
NOISE GEN-ON indicator light I7 is 
illuminated to indicate that 120 volts, 
400 cps is being applied to T3. 


(11) VID ALARM THRESHOLD variable 


resistor RS and suitch S8. VID ALARM 
THRESHOLD variable resistor R5 
(C8) and switch S8 are mechanically 
coupled. When R5 is rotated from the 
OFF position, $8 closes providing a 
ground for video alarm relay K1 located 
in the alarm control, thereby applying 
filament power to the various stages. 
When a target is present, the alarm con- 
trol is used to alert the battery control 
console operator by an audible tone. As 
R5 is rotated, the voltage level at which 
the noise and video signals operate will 
be varied. For additional information, 
refer to paragraph 206(16). 


(12) MTI—MODE switch S18 and MTI— 


SECTOR ANGLE resolwer B28. MTI— 
MODE switch $18 (C8) is a 3-position 
rotary switch. When in the OFF posi- 
tion, $18 removes the MTI presentation 
from the PPI. The 360° position of $18 
provides an MTI presentation over the 
entire 360° of the PPI. The SECTOR 
position of $18 provides an MTT presen- 
tation for any sector of the PPI, as de- 
termined by the setting of MTI—SEC- 
TOR ANGLE resolver B2 (D8). The 
manual setting of the rotor of B2 trans- 
mits information to the MTI circuits and 
controls the sector over which the MTI 
is present. To further understand the 
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Figure 42. (U) Notse gen switoh S19—off ,position—simplified schematic diagram. 


purpose of $18 and B2, refer to para- 
graph 17. 


(18) [FF-GAIN variable resistor R10. IFF- 


GAIN variable resistor R10 (A10) ad- 
justs the gain of the IFF control group. 
The adjustment of R10 varies the bright- 
ness of the reply signals and sharpens. 
the reply image on the PPI. 


(14) [PF-CHOP switch S12. IFF-CHOP 


switch S12 (A10) is a 2-position toggle 
switch. When $12 is placed in the ON 
position, a chopping circuit in the IFF 
coder control unit is activated; this pe- 
riodically interrupts the train of the 
transmitted pulses. This action will in- 
terrupt the reply signals from the target 
in a like manner, with the result that the 
IFF reply on the PPI will appear as a 
clearly defined series of dashes forming 
an are. When S12 is placed in the OFF 
position, the IFF reply will! have the 


same brightness, focus, and relative posi- 
tion but will appear as a solid are. 


(15) IFP-OHALLENGE switch S13. IFF- 


CHALLENGE switch 818 (B10) is a 
pushbutton type switch, The operator 
may interrogate or challenge targets by 
depressing $13, When a target is being 
challenged, IFF-CHALLENGE indica- 
tor light 15 should become illuminated, 
When I5 is illuminated, it indicates that 
an interrogation pulse of sufficient 
strength to be received by an aircraft 
transponder is being transmitted. If [5 
does not become illuminated when $138 
is depressed, it, is an indication that the 
IFF transmitter is not transmitting a 
pulse of sufficient amplitude to be received 
by an airborne transponder. 


(16) [FF-ON indicator light I6. IFF-ON 


indicator light I6 is illuminated to indi- 
cate that power is being applied to the 
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(17) 


(18) 


(19) 


(20) 


IFF units and that all switches in 
the IFF units are set for remote op- 
eration from the acquisition control- 
indicator. Should I6 be extinguished, 
it is an indication that one of the 
switches in the IFF units is not in 
its proper position. 

IFF-GTC switch Sts. IFF-GTC 
switch 814 (C9) is a 2-position toggle 
switch. To conform with the operat- 
ing range of the acquisition radar 
system, S14 is placed in either the 
LONG or SHORT position. This per- 
mits the IFF receiver system to ob- 
tain a high gain for reply signals 
from distant targets without overload- 
ing the PPI with strong signals from 
targets in close range. When $14 is 
placed in the SHORT position, the ac- 
quisition IFF receiver is set for short 
range operation. When $14 is placed 
in the LONG position, the acquisi- 
tion IFF receiver is set for long 
range operation. 

IFF.MODE switch S15. IFF-MODE 
switch S15 (C10) is a  3-position 
toggle switch. Its function is to pro- 
vide the operator with a means of 
selective identification. 

IFF-FOE switch S16. IFF-FOE 
switch $16 (C10) is of the pushbutton 
type. When depressed, S16 completes 
the energizing path for foe relay K1 
on the battery signal panel-indicator. 
Contacts 4-10 of K1 close, complet- 
ing the energizing path for ready to 
fire relay K8 on the battery signal 
panel-indicator. 

IFF-FRIEND switch S17. IFF- 
FRIEND switch $17 (C10) is a 2- 
position toggle switch spring-loaded 
to down position. With S17 in the 
FRIEND position, contacts 2-3 open, 
interrupting the lock-up circuit of foe 
relay K1 on the battery signal panel- 


cs 
indicator when K1 is energized. Con- 
tacts 5-6 of S16 open, interrupting 
the energizing path for burst relay 
K1 in the combining amplifier of the 
missile radar control console. 

(21) INT SPR-OFF switch 820, INT SPR- [ 
OFF switch $20 (A7) is a 2-position ' 
toggle switch. When S20 is in the 
INT SPR position, interference sup- 
pressor relay K1 in the trigger pulse 
amplifier is energized, switching 1S 
and MTI-IS video into the presenta- 
tion system. 


48.1 (U). Acquisition Control-Indicator 
9990574 

Acquisition control-indicator 9990574 (fig. 
81, TM 9-1430-257-20) consists of HIPAR 
control-indicator 9990575 (par. 48.2), LOPAR 
control-indicator 9156372 (par, 48.3), IFF con- 
trol-indicator 9156348 (par. 48.4), alarm con- 
trol 9156414 (par. 48.5), and STC 8512082 
(par. 49). These subassemblies contain various 
controls, switches, lamps, and meters for mon- 
itoring and adjusting the LOPAR and HIPAR. 
The acquisition contrel-indicator also contains 
radar select relay K1 and auxiliary acquisition 
radar squelch relay K2 which are used in the 
HIPAR and LOPAR select circuits. 


48.1.1 (U). Acquisition Control-Indicator 
9985604 

Acquisition control-indicator 9985604 (fig. 
21.1, TM 9-1430-257-20) is the same as ac- 
quisition control-indicator 9137929 discussed 
in paragraph 48 except as follows: The video 
alarm circuit, consisting of switch 88, resistors 
R6 and R7, and variable resistor R5, is re- 
moved. Ground connection for IFF GAIN 
variable resistor R10 is changed and provision 
is made for remote control of receiver gain 
through connectors J5-V and J5-T. 


ce 
48.1.2 (U). Acquisition Control-Indicator 
9988650 
a. General. Acquisition control-indicator 


9137929 or 9985604 is modified by DA MWO 
9-1400-268-50 to add the antijam display capa- 


bility. 
in b bel 
of uneh: 


b, Dei 
(1) 


(2) 


(3) 


The added components are discussed 
iow. Refer to paragraph 48 for theory 
anged components. 


tailed Theory. 

Acquisition control-indicator modifi- 
cations. If acquisition control-indica- 
tor 9187929 is modified, the circuits 
and components discussed in para- 
graph 48.1.1 must be applied. If ac- 
quisition control-indicator 9985604 is 
modified, these circuits and compo- 
nents are already applied. 


RECEIVER-GAIN variable resistor 
R3 and switch S22. RECEIVER- 
GAIN variable resistor R83 (fig. 21.2, 
TM 9-1430-257-20) varies the gain 
of the acquisition IF preamplifier. 
When R38 is turned fully clockwise, 
$22 closes and provides ground 
through external circuitry to the AGC 
relay K2, which energizes and pro- 
vides ground to relay K2 in the fast 
AGC amplifier 9990768. 


IS/PROC switch S21. When IS. 
PROC switch $21 is set to the IS ON 
position, IS ON relay K1 in the ac- 
quisition interference suppressor is 
energized. When S21 is set to the 
PROC ON position, MTI MODE re- 
lay K1 and, external PROC ON relay 
Ki in the delay line driver and PROC 
ON relay K2 in the acquisition inter- 
ference suppressor are energized. 
When MTI MODE relay energizes, 
MTI ground is applied through con- 
nector J5-C to the MTI gate in the 
electronic gate and disables the MTI 
channel, 


(4) 
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AJD switch S20, When AJD switch 
$20 is set to the ON position, K1 en- 
ergizes and disables the MTI channel. 
AJD ON relay K1 in the target data 
processing unit, AJD ON relay K1 
in the electronic gate, and AJD ON 
relay K1 and AGC ON relay K2 in the 
fast AGC amplifier are also energized 
when $20 is set to ON. 

JS ONLY switch S11, When JS ONLY 
switch $11 is operated, the same ac- 
tion occurs as does when S20 is set 
to ON except that MTI MODE relay 
is not energized and JS ONLY relay 
K2 in the electronic gate is energized. 
NOISE GEN switch S19. NOISE 
GEN switch $19 is a 5-position rotary 
switch. When $19 is in the OFF posi- 
tion, a voltage is tapped from the fre- 
quency measure variable resistor R1 
in the magnetron tuning drive and ap- 
plied across MAG FREQ & REC 
NOISE meter M2. M2 is voltage cali- 
brated, with the voltage indication be- 
ing proportional to the acquisition 
magnetron frequency. This arrange- 
ment indicates the approximate mag- 
netron frequency within its limits 
from 8,100 to 3,500 megacycles. When 
819 is in the MAIN ADJ position, the 
noise generator in the main receiver 
channel is enabled and M2 indicates 
the noise reference level. When S19 
is in the MAIN MEAS position, the 
noise test circuit is enabled and M2 
provides an indication that is used 
in conjunction with the noise refer- 
ence level for calculating the noise of 
the main receiver channel. When $19 
is in the AUX ADJ position, the noise 
generator in the auxiliary receiver 
channel is enabled and M2 indicates 
the noise reference level. When $19 is 
in the AUX MEAS position, the noise 
test circuit is enabled and M2 pro- 
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for monitoring and adjusting the circuits of 


the HIPAR system. 
b. Detailed Theory. 

(1) HIPAR SELECTED indicator light 
DS1. When HIPAR SELECTED indi- 
eator light DS1 (fig. 82, TM 9-1480 
-257-20) is illuminated, it indicates 
that RADAR SELECT switch $7 is 
in the HIPAR position. 

(2) HIPAR POWER indicator light DS2. 
HIPAR POWER indicator light DS2 
is illuminated by the alarm control 
when HIPAR transmitter power is 
sufficient to provide normal operation. 

(8) DISPLAY switch S81. DISPLAY 
switch $1 is a 8-position rotary switch 
spring-loaded to the center position. 
When momentarily held to STROBE 
ONLY, ECM repeaters are identified 
in azimuth. When set to NORMAL, 
the HIPAR receiver is set for nor- 
mal operation. When momentarily 
set to STAGGER OFF, ECM repeat- 
ers are identified in range. 

(4) RECEIVER switch S2. RECEIVER 
switch S2 is a 2-position toggle 
switch. When 82 is set to NORMAL, 
CLUTTER GATE switch $3 and DIS- 
PLAY switch Si are enabled, EMER- 
GENCY GAIN variable resistor R1 
is disabled. When S2 is set to EMER- 
GENCY, Rl is enabled, allowing re- 
eeiver gain to be manually controlled. 

(5) CLUTTER GATE switch S38. CLUT- 
TER GATE switch $8 is a 3-position 
rotary switch. When $3 is set to ALL 
RANGE, noncoherent MTI operation 
is obtained over the entire PPI range. 
When S88 is set to NORMAL, non- 
coherent MTI video is present be- 
yond the range gate only. When S3 
is set to OFF, noncoherent video is 
completely eliminated. 

(6) Resistor R2. Resistor R2 is a current- 
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limiting resistor for indicator light 
DS1. 


48.3 (CMHA). LOPAR Control-Indicator 
9156372 

a, General, The LOPAR  control-indicator 
contains switches, lamps, controls, a meter, and 
a dial indicator. The combined front panel con- 
trols adjust and monitor the performance of the 
LOPAR antenna, radar magnetron frequency, 
radar receiver, MTI presentation, and the selec- 
tion and status of LOPAR energizing power. 

b. Detailed Theory, 

Note. Continuous reference is made to figure 88, TM 
9-1430-257-20 unless otherwise indicated, 

(1) ANT RPM switch S3. ANT RPM 
switch $8 is a 4-position rotary switch 
which determines the speed of rota- 
tion of the LOPAR antenna. When 
set to OFF, the LOPAR antenna re- 
mains stationary. When set to 5, 10, 
or 15, the LOPAR antenna rotates at 
5, 10, or 15 rpm, respectively. 

(2) ANT ELEV indicator B1. ANT ELEV 
indicator B1 is mechanically coupled 
to a dial indicator on the front pan- 
el. It indicates LOPAR beam angle. 
The indicator dial is graduated from 
0 to 400 mils in increments of 50 mils, 

(8) Frequency switch Si. Frequency 
switch S1 decreases LOPAR transmit- 
ter frequency to a minimum of 3100 
megacycles when operated to the DE- 
CR position. When operated to the 
INCR position, it increases the fre- 
quency of the LOPAR transmitter to 
a maximum of 8500 megacycles. 

(4) UP-DOWN/SCAN switch S4, UP- 
DOWN/SCAN switch 84 controls the 
beam deflection angle of the LOPAR 
antenna. When operated and held in 
the UP position, the elevation of the 
LOPAR transmitted beam increases to 
a maximum of 400 mils, When set to 
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the DOWN/SCAN position, the ele- 
vation of the LOPAR transmitted 
beam is decreased to a minimum of 0 
mils, If allowed to remain in the 
DOWN/SCAN position, the LOPAR 
transmitted beam automatically scans 
between 0 mils and the upper limit 
of the prevailing scan condition. 
When released from the UP position, 
the elevation of the LOPAR beam 
remains at the elevation angle indicat- 
ed on the ANT ELEV indicator dis- 
cussed in (2) above, 

INTFER SUPPR switch S5. When 
INTFER SUPPR switch S65 is set to 
ON, it reduces noise and clutter on 
the PPI. 

AFC RELEASE switch S82. AFC RE- 
LEASE switch $2 provides AFC con- 
trol on LOPAR only. When 82 is held 
depressed for 5 seconds and then re- 
leased, it allows the LOPAR auto- 
matic frequency control (AFC) to be- 
gin the search cycle for the correct 
intermediate frequency (IF) as indi- 
cated on AFC HUNT indicator light 
DS8 discussed in (18) below. 

MTI switch S6. When MTI switch 
86 is set to 360°, it causes fixed 
echoes to be blanked out over the 
present MTI range when either the 
LOPAR or HIPAR is in use. When 
the LOPAR is in use, and switch S6 
is placed in the SECTOR position, 
the moving target indicator (MTI) 
acts only upon that portion of the 
PPI selected by the MTI SECTOR 
ANGLE knob on the LOPAR auxil- 
iary control-indicator, When the HIP- 
AR is in use, and switch S6 is placed 
in the 860° position, there is a 360° 
MTI presentation regardless of the 
setting of the MTI sector angle knob. 
REC GAIN variable resistor Ri, REC 
GAIN variable resistor R1 controls 
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(11) 


(12) 


(18) 


(14) 
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the signal gain of the video display 
on the PPI and the precision indica- 
tor on the battery control conscle. 
MAG FREQ meter M1, MAG FREQ 
meter M1 indicates the relative LOP- 
AR transmitter frequency. The scale 
of M1 is graduated from 0 to 100 in 
increments of 5. 

STC variable resistor R2. STC vari- 
able resistor R2 controls the negative 
step of the STC output pulse, When 
R2 is turned to the cew position, R2 
disables STC circuits in both the LO- 
PAR and HIPAR receivers. When 
rotated cw, R2 varies the range (0 to 
20,000 +:5000 yards) of the LOPAR 
STC which minimizes ground clutter 
and blooming, and enables the HIPAR 
STC, but has no effect on STC range. 
LOPAR SELECTED indicator light 
DS1. LOPAR SELECTED indicator 
light DS1 illuminates when the RA- 
DAR SELECT switch on the EFF con- 
trol-indicator panel is set to LOPAR. 
LOPAR POWER indicator light DS2. 
LOPAR power indicator light DS2 
illuminates when energizing power is 
applied to the LOPAR circuits. 

AFC HUNT indicator light DS. 
When AFC HUNT indicator light DS3 
glows steadily, the LOPAR AFC 
circuit is searching for the correct 
intermediate frequency. When DS3 
is flickering or extinguished and a 
strong video appears on the PPI, the 
LOPAR AFC circuit is locked on the 
correct intermediate frequency. When 
DS3 is extinguished and no video ap- 
pears on the PPI, the LOPAR AFC 
is locked on the incorrect intermedi- 
ate frequency. 

Indicator light DS4. Indicator light 
DS4 provides illumination for the 
ANT ELEV indicator discussed in 
(2) above. 
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48.4 (U). LFF Control-Indicator 9156348 


a. General. The IFF control-indicator con- 
tains the controls for the IFF equipment plus 
certain tactical controls for the radar. 

b. Detailed Theory. 

(1) IFF ON indicator light DS1. IFF ON 
indicator light DS1 (fig. 84, TM 
9-1430-257-20/1) is illuminated to 
indicate that power is being applied 
to the IFF units and that all switches 
in the IFF units are set for re- 
mote operation from the IFF control- 
indicator. Should DS1 be extin- 
guished, it is an indication that one 
of the switches in the IF F units is not 
in its proper position. 

(2) CHALLENGE switch Sit. CHAL- 
LENGE switch $1 is a pushbutton 
type switch. The operator may inter- 
rogate or challenge targets by de- 
pressing S1. When a target is being 
challenged, CHALLENGE ON indi- 
eator light DS2 should become illu- 
minated. When DS2 is illuminated, it 
indicates that an interrogation pulse 
of sufficient strength to be received 
by an aircraft transponder is being 
transmitted. If DS2 does not become 
illuminated when S1 is depressed, it is 
an indication that the IFF transmit- 
ter is not transmitting a pulse of 
sufficient amplitude to be received by 
an airborne transponder. 


(3) CHOP switch 84. CHOP switch $4 is 
a 2-position toggle switch. When S4 
is placed in the ON position, a chop- 
ping circuit in the IFF coder control 
unit is activated; this periodically in- 
terrupts the train of the transmitted 
pulses. This action will interrupt the 
reply signals from the target in a like 
manner, with the result that the IFF 
reply on the PPI will appear as a 
clearly defined series of dashes form- 
ing an arc. When S84 is placed in the 
down position, the IFF reply will have 
the same brightness, focus, and rela- 
tive position, but will appear as a solid 
are. 

(4) GTC switch S6. GTC switch S6 is a 
2-position toggle switch. To conform 
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with the operating range of the LO- 
PAR, S6 is placed in either the 
LONG or SHORT position This will 
permit the IFF receiver system to ob- 
tain a high gain for reply signals 
from distant targets without over- 
loading the PPI with strong signals 
from targets in close range, When S6 
is placed in the SHORT posi- 
tion, the acquisition EFF receiver is 
set for short range operation. When 
S6 is placed in the LONG position, 
the acquisition IFF receiver is set 
for long range operation. 


MODE switch S5. MODE switch S5 
is a 3-position toggle switch. Its func- 
tion is to provide the operator with a 
means of selective identification. 


FOE switch S3. FOE switch $3 is 
of the pushbutton type. When de- 
pressed, S3 completes the energizing 
path for foe relay K1 on the battery 
signal panel-indicator, Contacts 4-10 
of Ki close, completing the energizing 
path for ready to fire relay K8 on 
the battery signal panel-indicator. 


FRIEND switch S2. FRIEND switch 
S2 is a 2-position toggle switch 
spring-loaded to down position. With 
S82 in the FRIEND position, contacts 
2-3 open, interrupting the lock-up 
circuit of foe relay K1 on the battery 
signal panel-indicator when Ki is en- 
ergized. Contacts 5-6 of $2 open, in- 
terrupting the energizing path for 
burst relay K1 in the combining am- 
plifier of the missile radar control 
console, 


(8) IFF GAIN variable resistors R3A 


(9) 


and R3B. IFF GAIN variable resis- 
tors R3A and R3B, which are on a 
common shaft, adjust the gain of the 
IFF control groups on the HIPAR 
and LOPAR. The adjustment of R3A 
and R3B varies the brightness of the 
reply signals and sharpens the reply 
image on the PPI. 

RADAR SELECT switch S7. RA- 
DAR SELECT switch S7 is a 2- 
position toggle switch which is used 
to select either the LOPAR or HIPAR. 
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48.5 (U). Alarm Control 9156414 


a. General. The alarm control is a switching 
circuit used to energize an external indicator 
lamp to determine the power status of the 
HIPAR, 

b. Detailed Theory. 

(1) With no input at connector J1-A (fig. 
85, TM 9-1430-257-20/1), relay K1 
and transformer Tl remain deener- 
gized. Since there is no voltage ap- 
plied to the plate of voltage regulator 
Vi, there is no difference in poten- 
tial between connectors J1-C and 
J1-D. 


After a 30-second time delay, ground 
is connected to JI-A, relay K1 is en- 
ergized, and contacts 2-6 are closed. 
A 120-volt, 400-cps energizing volt- 
age is then applied to T1 through ter- 
minals 1-3. When the polarity of the 
secondary voltage at terminal 4 is 
negative, current flows through crys- 
tal diode CR2, resistor R2, PWR 
SENS variable resistor R8, resistor 
R4, and into the secondary of T1 
through terminal 6. Capacitor C1 
charges negatively in proportion 
to the voltage drop across the lower 
part of R3 and all of R4. 


(3) On the next alternation, terminal 4 
of Tl is positive and the plate of CR1 
is positive, allowing V1 to conduct ac- 
cording to the conduction level set by 
PWR SENS variable resistor R3. 


(4) When a power monitoring signal is 
applied through connector J1-E and 
capacitor C3, the negative portions 
are clamped by CR3 and the positive 
portions are passed through CR4 and 
R8 to the junction of capacitor C2 
and resistor R6. 


(2 
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(5) The voltages across capacitors C1 and 
C2 are added algebraically in the sym- 
metrical network consisting of resis- 
tors R5 and R6. The resultant voltage 
is applied to the control grid of Vi. 
Consequent current flow through V1 
produces a voltage drop across V1 
sufficient to illuminate the external 
HIPAR POWER indicator light DS2 
on the HIPAR control-indicator. 
PWR SENS variable resistor R3 is 
adjusted so that HIPAR POWER in- 
dicator light DS2 is illuminated when 
the monitor voltage at connector J1-E 
reaches the correct level. 


(6 


49 (U). STC 8512082 


a. General. The STC generates a negative 
STC gate with an exponentially decaying trail- 
ing edge, This STC gate controls the gain of the 
acquisition receiver system over the first por- 
tion of the range of the acquisition radar sys- 
tem. This is done to reduce returned signals 
from nearby objects and thereby equalize sig- 
nals from nearby and distant objects. 


b. Detailed Theory. 


(1) Monostable multiyibrator V1A and 
Viz. 


(a) Quiescent operation. A positive 
voltage is applied to the grid of mon- 
ostable multivibrator V1A (fig. 22, 
TM 9-1430-257-20) from a series 
voltage divider composed of resistor 
R83, FLAT variable resistor R2, and 
resistor R1 from ground to the +150- 
volt supply. This potential can be 
varied by R2 from +13 volts to +5.8 
volts. Capacitor C2 is connected from 
the brush arm of R2 to ground and 
stabilizes this potential. Since 


3 


tbe grid of monostable multivibrator 
V1B is returned through current limit- 
ing resistor R9 to +150 volts, a heavy 
current is drawn through V1B. This cur- 
rent develops a high positive potential 
across common cathode resistor R5, 
which biases VIA beyond cutoff. 


(b) Dynamic operation. The positive pre- 


knock pulse at connector Ji is applied 
across a series capacitor voltage divider 
composed of Cl and C10 co ground. A 
large current flows in C1 and C10 at the 
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leading edge of the preknock pulse, and 
che sharp rise in voltage actoss C10 in- 
sures accurate triggering of V1A. Since 
the positive pulse is superimposed on the 
positive volrage level set by R2, the cur- 
rent through V1A is determined by the 
setting of R2, This current determines 
the amplitude of the negative voltage 
coupled from the plate of V1A through 
capacitor C3 to the grid of VIB. The 
voltage, in tarn, determines how long 
VIB remains cut- 
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off. FLAT variable resistor R2 per- 
mits the width of the positive output 
gate from V1B to be varied from 10 
to 30 microseconds, 


(2) Paraphase amplifier V2A. 


(a) The positive gate from V1B is coupled 
through capacitor C4 to the grid of 
paraphase amplifier V2A. The voltage 
potential across cathode resistor R11 
follows the rise in grid potential, and 
capacitor C5 charges to this potential 
through the low-forward resistance of 
erystal diodes CR1 and CR4, The 
potential across the cathode remains 
constant during the 10- to 30-microsec- 
ond gate. When the trailing edge of 
the positive gate passes, the voltage 
across R11 drops sharply, and capaci- 
tor C5 must discharge to this potential. 
Since the back impedance of CR1 and 
CR4 effectively presents an open cir- 
cuit, C5 discharges exponentially 
through resistor R14 and DURATION 
variable resistor R13. The decay time 
of the output waveform across C5 can 
be varied from 2 to 1,000 microseconds 
by R13. The RC time constant of C5, 
R18, and R14 is 250 microseconds, and 
C5 is discharged for all practical pur- 
poses in 4 time constants or 1,000 micro- 
seconds. The resultant waveform 
across C5 is the STC gate. It has a 
flat top which can be varied from 10 to 
30 microseconds and an exponentially 
decaying trailing edge which can be 
varied from 2 to 1,000 microseconds. 

(5) In VA, the positive gate from VIB 
is also inverted. A negative gate is 
coupled from the plate of V2A through 
isolating resistor R28 and through 
part of the external RECEIVER-STC 
variable resistor R1 (B4, fig. 21, TM 
9-1430-257-20) to the plate of con- 
verter amplifier V2B (fig. 22, TM 9- 
1430-257-20). 


(3) Cathode follower V3A. Cathode fol- 


lower V3A provides isolation between the 
STC gate-forming network in the cath- 


( 


ode output of V2A and the clipper net- 
work in the input of V2B. The STC 
gate is directly coupled from C5 through 
parasitic suppressor resistor R15 to the 
grid of V3A. A decreased amplitude 
STC gate is developed across cathode re- 
sistor R16 and coupled through capacitor 
C6 and parasitic suppressor resistor R20 
tothe grid of V2B. 


(4) Converter amplifier VOB. 
{a) With no signal applied, converter am- 


plifier V2B is biased beyond cutoff by 
—9 volts applied to the grid by the 
voltage divider network composed of 
resistors R17 and R18 which are con- 
nected between ground and the —250- 
volt supply. The lower extremity of 
the positive STC gate is clamped to the 
—9-volt level by crystal diode CR2. 
Since V2B is biased beyond cutoff, it 
conducts only during the upper portion 
of the positive STC gate. This clip- 
ping action removes the lower ex- 
tremity of the STC gate, thus reducing 
the width of the trailing edge of the 
input STC gate from 2-1,000 micro- 
seconds to 2-100 microseconds. Nega- 
tive feedback developed across unby- 
passed cathode resistor R21, minimizes 
distortion, thus insuring accurate re- 
production of the STC gate. How- 
ever, this feedback also lowers stage 
gain considerably. 

In the plate circuit of V2B, the nega- 
tive STC gate is developed across 
RECEIVER-STC variable resistor 
R1, located on the acquisition control- 
indicator. The negative output square 
wave from V2A is also coupled through 
R1 to the plate circuit of V2B. Since 
both waveforms are negative, they are 
additive. The amount of addition is 
determined by the setting of the brush 
arm of Rl. If the brush arm of R1 is 
fully counterclockwise, R1 is effectively 
removed from the plate circuit of V2B 
since the plate is directly connected to 
the +150-volt supply. Consequently, 
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the plate of V2B is at a constant poten- 
tial, and the output waveform to V3B 
is the negative square wave from V2A 
(A, fig. 44). If the brush arm of R1 
is fully clockwise, the full resistance of 
R1 is in the plate circuit of V2B. The 
addition of the two negative wave- 
forms produces an STC gate with an 
increased negative step (B, fig. 44). 
With the brush arm of R1 at any inter- 
mediate position, a lower amplitude 
gate from V2B is added to the negative 
gate from V2A, producing a resultant 
STC gate to V3B with a negative step 
voltage of proportionately less ampli- 
tude (C, fig. 44). 
(5) Cathode follower V3B, 

(a) The grid of cathode follower V3B (fig. 
22, TM 9-1430-257-20) is returned to 
+30 volts by means of a voltage divider 
consisting of resistors R28 and R22 con- 


A, GRUSH ARM OF RECEIVER-STC 
VARIABLE RESISTOR RI FULLY + 
cow 


B. BRUSH ARM OF RECEIVER- STC 
VARIABLE RESISTOR RI FULLY CW + | = 
| 
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nected between ground and the +150- 
volt supply. The +30-volt bias place 
V83B in the linear part of the tube char- 


ried aie. { 
acteristic curve. The biasing arrange- | 


ment was necessitated by large-size 
cathode resistor R26, required for prop- 
er impedance matching to the IF pre: 
amplifier. 

The input waveform to V3B is a neg- 
ative STO gate as explained in (4) (5) 
above. This STC gate is coupled 
through C7 and parasitic suppressor re- 
sistor R25. The STC gate drives the 
grid negative, resulting in a reduction 
of current through V3B and a reduced 
voltage drop across R26. Thus, the 
cathode follows the grid and a negative 
STC gate is coupled through capacitor 
C8 to connector P1-9. Crystal diode 
CR3 is connected between connector 
P1-9 and 11. A variable de level (0 to 
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Figure 44. (U) Converter amplifier—addition of gates. 
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—11 volts) is applied to the cathode of 
CR3 from P1-11. This level is de- 
termined by the setting of RE- 
CEIVER-GAIN variable resistor R3, 
located on the acquisition control-indi- 
eator. Diode CR3 conducts whenever 
the output. STC gate at the plate of 
CR1 attempts te go positive with re- 
spect to this level. This action clamps 
the upper extremity of the negative 
STC waveform to the setting of RE- 
CEIVER-GAIN variable resistor R3. 
Bi428 7, 


50. PPI HV Power Supply 7 

a. General. The PPI HV power supply (fig. 
17, TM 9-1430-257-20) furnishes the necessary 
high voltage to the plan-position and precision 
indicators of the battery control console. This 
unit contains three hermetically sealed power sup- 
plies PS1, PS2, and PS8, one hermetically sealed 
voltage regulator VR1, and two filament trans- 
formers T1 and T2. The individual power sup- 
plies furnish + 1,550 volts de, — 8,006 volts de, and 
+5,000 volts de, 

Note. Continuous reference in } below is made to 
figure 17, TM 9-1480-257-20 unless otherwise indicated. 

6, Detailed Theory. 

(1) The +1,550-volt supply, PS1 (fig. 45}, 
uses 3-phase transformer T1, with Y-con- 
nected primary and secondary windings, 
and associated circuit components. A 
400-cps, 3-phase input at connectors 
Ji-K, L, and M is applied to the primary 
of T1 (fig, 45) between terminals 1, 2, 
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and 3. Connector JI-N and T1-4 are 
connected to neutral. The secondary of 
T1 is connected to the rectifier circuits. 
The rectifier circuits include six silicon 
erystal diodes connected in two Y-con- 
figurations producing full-wave rectifi- 
cation, Phases A, B, and C maintain a 
120° phase relationship, thereby causing 
the diodes to conduct alternately. Out- 
put filtering is accomplished by an in- 
ductance-capacitance L-type filter net- 
work Li and Cl. The filtered 1,550-volt 
de output appears across bleeder resistor 
Ri and PSI-5 and 6, Terminal PS1-5 
is connected to J4 and PS1-6 is connected 
to frame ground. Voltage dividing 
resistors R1 and R2, located outside PS1, 
are connected in series between terminal 
5 and frame ground and are in parallel 
with the +1,550-volt output. Output 
voltage developed across R2 is used to 
monitor the +1,550-volt output at J1-J. 
The input to terminals 1 and 2 of the 
—8,000-volt supply, PS2 (fig. 46), is 
from output terminals 3 and 4 of voltage 
regulator VR1 (fig. 47). Regulator VR1 
furnishes a regulated 120-volt, 400-eps 
excitation voltage to the primary of 
transformer T1 (fig. 46). The secondary 
of T1 is connected to the rectifier circuit. 
The rectifier circuit consists of four sili- 
con crystal diodes CR1, CR2, CR3, and 
CR4 connected as a full-wave bridge- 
rectifier. The output is filtered by two 
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Figure 45. (U) +1,556-volt supply PSI 8519407—schematic diagram, 
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resistance-capacitance L-type filters Ri, 
Cl and R2, C2. The filtered — 8,000-volt 
de output appears across bleeder resistor 
R3 and PS2-3 and 4. Load limiting 
resistor R3 is connected in series between 
PS2-3 and J3. Terminal PS2-4 is con- 
nected to frame ground. Bypass capac- 
itor C1 is connected in series between 
frame ground and J2. Both R3 and Cl 
are part of a decoupling network to pro- 
vide a discharge path for the high voltage 
of the PPI immediately after the power 
has been turned off. This high voltage 
is discharged in the power supply chassis 


(8 


rather than through the PPI chassis for 
the protection of the operator in the PPT 
position. 

The +5,000-volt supply, PS3 (fig. 48), 
uses single-phase transformer Tl and 
associated circuit components. A 120- 
volt, 400-cps input at connectors JI-A 
and N is applied across PS3-1 and 8 to 
the primary of T1 (fig. 48). The pri- 
mary is tapped to permit adjusting for 
a slightly higher or lower output voltage. 
The secondary of T1 is connected to the 
rectifier circuit. The rectifier circuit con- 
sists of four silicon crystal diodes CR1 
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Figure 46. (U) —8,000-volt supply PS2 8519408—schematic diagram, 
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Figure 47, (U) Voltage regulator VR1 8519410—schematic diagram. 
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and CR2 connected as a full-wave 
bridge-rectifier. Filtering is accom- 
plished by two resistance-capacitance 
type filters Ri, C1, R3 and R2, C2, 
R4. The filtered +5,000-volt de out- 
put appears across bleeder resistor R5 
and PS3-5 and 6. Terminal PS3-5 is 
connected to J7 and PS3-6 is con- 
nected to frame ground, 

The 120-volt, 400-cps voltage regula- 
tor VR1 (fig. 47) is used to maintain 
a constant value of voltage applied 
to the input of PS2 (fig. 46). A 120- 
volt, 400-cps input at connectors J1-A 
and N is applied across VR1I-I and 2 
to auto-transformer Tl and T2 (fig. 
47). Auto-transformer T1, and capa- 
citors Cl and C2 compensate for any 
fluctuation of input voltage to stabi- 
lize the output voltage. Resistor R1, 
inductor Li, and capacitors C3, C4, 
and C5 compensate for any fluctuation 
of input frequency to stabilize the out- 
put voltage. Capacitors C6 and C7 
correct any phase shift inherent in the 
voltage and frequency networks. The 
regulated voltage appears across 
VR1-3 and 4 and across PS2-1 and 2. 
Filament transformer T1 furnishes 
6.3-volt, 400-cps filament voltage to 
the PPI cathode-ray tube in the bat- 
tery control console. A 120-volt, 400- 
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cps input at connectors J1-G and F 
is applied across T1-1 and 2. Termi- 
nals T1-8 and 4 of the secondary are 
connected to J5 and J6. The 6.3-volt, 
400-cps output is superimposed on 
—8,000 volts de. 


(6) Filament transformer T2 furnishes 
6.3-volt, 400-cps filament voltage to 
the PPI battery control console cir- 
cuits. A 120-volt, 400-cps input at 
J1-F and G is applied across T2-1 
and 2. The input is coupled through 
T2 to three secondary windings. The 
6.3-volt, 400-cps output appears across 
connectors J8—A and B, C and F, and 
Dand E. The 6.3-volt, 400-cps output. 
across J8-D and E is superimposed 
on 150 volts de. 


51, —28V Power Supply 8512751 or 
9986424 


a. General. The —28v power supply (fig. 23, 
TM 9-1430-257-20) furnishes —28 volts at a 
maximum current of 5.0 amperes to various cir- 
cuits in the battery control console, computer 
group, recorder group, utility cabinet, and the 
director station interconnecting box. 

b. Detailed Theory. The input to the —28v 
power supply is a 120-volt, 400-cps voltage ap- 
plied through connectors TB14 and 5. This 
input is applied to single-phase stepdown trans- 
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Figure 48 (U). +5,000-volt supply PS3 8519409—schematie diagram. 
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former T1 at T1-1 and 2. The secondary wind- 
ing of T1 is tapped to permit adjustment of 

-28 volts at the output of the power supply. 
The stepped-down voltage from the secondary 
winding of T1 is applied to a full-wave bridge 
rectifier consisting of crystal diodes CR1, CR2, 
CR8, and CR4. The rectified output is filtered 
by an inductance-capacitance L-type filter net- 
work Ll and C1. The —28-volt output appears 
across capacitor Cl and TB1-1 and 2. 


52, Miscellaneous Cabinet-Mounted 
Components in Battery Control 
Console 8173147 


a. General, The miscellaneous cabinet- 
mounted components in the battery control con- 
sole are associated with various chassis in the 
director-computer group. 

b. Detailed Theory. 


Note. The key letter-number combinations shown in 
parentheses in (1) through (10) below refer to zone 
locations on figure 3, TM 9-1430-257-20. 


(1) Video alarm volume control variable 
resistor R31. The audio output from 
transformer T1, located in the alarm 
control of the director station group, 
is applied across video alarm volume 
control variable resistor R31 (A5) 
and the video alarm speaker. The 
amount of current shunted through 
R31 determines the power output of 
the video alarm speaker. An audible 
tone from the video alarm speaker 
alerts the battery contro] console op- 
erator when a target is present in a 
preset sector. 

(2) Foe, friend, battery relay K20. Foe, 
friend, battery relay K20 (C22) con- 
sists of three individually operated re- 
lays. The battery section of K20 is 
operated during testing procedures or 
during FUIF operation to allow the 
PPI marker generator to produce a 
defocus pulse on the PPI presentation. 
The friend section of K20 is operated 
during FUIF operation to allow the 
PPI marker generator to produce a 
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(3) 


(4) 


(5) 


(6) 
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semicircle concave down over the tar- 
get video on the PPI presentation. The 
foe section of K20 is operated during 
FUIF operation to allow the PPI 
marker generator to produce a circle 
around the target video on the PPI 
presentation. Varistors CRl, CR2, 
and CR3 protect the coils of the sepa- 
rate sections of K1 against arcing. 
interlock switches S21, S22, 823, S24, 
and S25. Interlock switches 522 
(D238), $23, $24 (D20), and S25 
(B11) all perform the same function. 
Whenever any of the battery control 
console doors are opened, one of the 
switches opens the low-voltage supply 
to the high-voltage circrits, thereby 
interrupting high-voltage circuit op- 
eration. This protects maintenance 
personnel from possible injury due to 
electric shock. 

PPI blowers B1 and B2. PPI blowers 
Bl (B28) and B2 provide the proper 
amount of forced air ventilation to the 
equipment in the battery control con- 
sole. Blowers B1 and B2 are operated 
by 120 volts ac. Capacitors C2 and C3 
provide the phase shift, between sta- 
tor windings of blowers B1 and B2, 
necessary for running the motors. 
Filament transformer Ti. Filament 
transformer T1 (A27) couples a regu- 
lated 6,3 volts to filaments in the sweep 
generator and PPI de amplifiers. The 
parallel circuit consisting of resistors 
R32, R33, and R34 is connected in 
parallel with the secondary of Tl and 
is used to limit the current through 
the filaments. 

Status lamps I1, 12, 13, and 14. Only 
one of status lamps Il (B6), I2, I8, 
and I4, which are located above the 
altitude plotting board of the battery 
control console, can be illuminated at 
a time. These status lamps are con- 
trolled by alert status switch S38 lo- 
cated on the tactical control-indica- 
tor. Switch S83 provides a ground 
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for the —28-volt supply used for illu- 
minating the status lamps. 


(71) Remote alarm buzzer 15. Remote 
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alarm buzzer 15 (A5), mounted on 
the cabinet behind the altitude plot- 
ting board, is sounded whenever a 
command is received from the anti- 
aireraft operation center (AAOC). 
At the same time that 15 operates, only 
one of the REMOTE, HOLD FIRE, 
and CEASE FIRE indicator lights on 
the tactical control-indicator of the 
battery control console will ijluminate 
at a time. It is necessary to acknowl- 
edge the commands from the AAOC 
by closing ACKNOW switch S1 on 
the tactical control-indicator, When 
S1 is closed, 15 will cease to operate, 


Resistors. Two terminating resistors 
(B30), built into connectors, are pro- 
vided for terminating the acquisition 
range mark and the syne pulse. The 
syne pulse is terminated through 
the resistor in connector P51 and the 
acquisition range mark through the 
resistor in connector P43, 


) Telephone circuitry. TECH switch 
$11 (D24) switches the battery con- 
trol console operator’s telephone from 
the TECH loop to the command loop. 
Ring switches S12 (D21), $13, and 
$14 (D22) are telephone ringing 
switches for signalling the telephone 
operator. 


) Telephone set TA-272/G 8010134, 
Telephone set TA-272/G (C22) with 
a handset-headset and a telephone 
connecting station comprise a con- 
sole telephone station. Six console tel- 
ephone stations are used throughout 
the radar course directing central to 
facilitate voice communication. 


Note. Refer to figure 60, TM 9-1400-251- 
12 for the circuits discussed in (a) and (6) 
below. 


(a) Transmit operation. 


1. A —24-volt de voltage from a tel- 
ephone talking battery is applied 
through connector E301-G to 
winding 1-2 of filter choke L301. 
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The circuit continues through 
E301-E, connector J13-E in the 
telephone connecting station, con- 
nector P401-E and telephone push 
to-talk switch $401 on the handset- 
head-set to the telephone transmit- 
ter. The —24-volt de circuit is com- 
pleted through P401-C, J18-C, 
J13-A, E301-A, winding 3-4 of 
L301, and E301-BT to ground. 

2. With $401 in the TELEPHONE 
TALK position, the —24-volt de 
talking battery current is voice 
modulated. The voice frequency 
modulation is applied through 
connectors P401-D, J13-D, E301 
-D, and capacitor C301 to trans- 
mitter winding 4-5 of voice fre- 
quency transformer T301. Voice 
frequency voltage induced across 
winding 1-3 of T301 is applied 
through capacitor C303 to connec- 
tor for E301-L2 and to connec- 
tor E301-L1 for transmission 
by telephone line to the switch- 
board located in the recorder 
group in the trailer-mounted di- 
rector station. Side tone voltage 
is induced in receiver winding 
5-6 of T301 and applied through 
connectors E301-A, J13-A, P401 
-A, and connectors E301-B, J13 
-B, and P401-B to the telephone 
receiver. 

8. With $401 in RADIO CONTROL 
position, a 24-volt de radio con- 
trol voltage is applied through 
E301-L1, holding coi] L302, con- 
nectors E301-F, J18-E, P401-F, 
8401, P401-H, J13-H, and E301- 
L2. The 24-volt de radio control 
voltage is blocked by capacitors 
C302 and C303, Voice frequency 
induced in winding 1-3 of T301 
appears across L302 to modulate 
the 24-volt de radio control voltage. 

(b) Receive operation. 

1, Ringer 1301 is operated by a 20- 
eycle ring voltage applied to E301 
-L1 and E£301-L2. The ring volt- 
age is coupled through C302 to 
1301. 
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2. Voice frequencies transmitted by 
the telephone line are applied 
through E801-Li, E301-L2, and 
C303 to winding 1-3 of T301. 
Voice frequency voltage induced 
in winding 5-6 of T301 is ap- 
plied through E301-A, J13-A, 
P401-A, E801-B, J18-B, and 
P401-B to the telephone receiver. 
Varistor CR302 suppresses re- 
ceiver noises caused by ringing 
voltages and spurious line noises. 

EJECT TRAINER switch S26. 
EJECT TRAINER switch $26, when 
depressed, operates relays K1 and K2 
(fig. 46, TM 9-1430-257-20) which 
disconnects radar signal simulator 
AN /MPQ-36 from the trailer mounted 
director station and the trailer 
mounted tracking station. 
EJECT TRAINER indicator light I6. 
EJECT TRAINER indicator light 16, 
when illuminated, indicates that 
either one or both of the cables from 
the radar signal simulator are con- 
nected. When both cables are discon- 
nected, indicator light I6 is extin- 
guished. 


c. Differences Among Models. 
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a) 


(2) 


DA MWO = 9-1430-251-80/8. Con- 
nector J60 (C31, fig. 83, TM 9-1430- 
257-20) is added to battery con- 
trol console 8173147 of certain selected 
systems by DA MW0O 9-14380-251-30/8. 
Connector J60 is provided so that a 
radar bomb scoring box may be con- 
nected to the battery control console 
and thus provide facilities for radar 
bomb scoring. 

DA MWO 9-1400-268-30. Auxiliary 
acquisition coaxial relay assembly 
9985722 is added to battery control 
console 8173147 of certain selected 
systems by DA MWO 9-1400-263- 
80. Coaxial relays K1, K2, and K3 
in the auxiliary acquisition coaxial re- 
lay assembly (A388, fig. 3.1, TM 9- 
1430-257-20) switch the acquisition 
preknock and syne pulses from the 


cs 


NAR (Nike acquisition radar) to the 
AAR (auxiliary acquisition radar) 
where the AAR is selected. 

DA MWO 9-1400-268-50. This MWO 
may be applied to 125 selected sys- 
tems which may or may not have DA | 
MWO 9-1400-263-30 applied. Acquisi- 

tion control-indicator 9985604 is re- 

placed by acquisition control-indicator 

9988650. Miscellaneous wires, cables, 

and connectors are added. Refer to 

figure 3.2, TM 9-1430-257-20 for the 

schematic of systems without MWO 

9-1400-263-30 applied and to figure 

3.3, TM 9-1430-257-20 for the sche 

matic of systems with MWO $-1400- 

263-30 applied. 
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52.1 (U)}. Miscellaneous Cabinet-Mounted 
Components in Battery Control 
Console 9143989 

a. General. The miscellaneous  cabinet- 
mounted components in the battery control 
console are associated with various chassis in 
the director-computer group. 

b. Detailed Theory. The theory of the mis- 
cellaneous cabinet-mounted components (fig. 
71, TM 9-1430-257-20) is the same as that 
described in paragraph 52 except for the 
video alarm volume control variable resistor 
R31 which is no longer cabinet mounted. 

¢. Differences Among Models. Connector 
J60 (C31, fig. 71, TM 9-1430-257-20) is 
added to battery control console 9143989 of 
certain selected systems by DA MWO 9-1430- 
251-30/8. Connector J60 is provided so that 
a radar bomb scoring box may be connected 
to the battery control console and thus pro- 
vide facilities for radar bomb scoring. 


52.2 (U). Auxiliary Acquisition Relay 
Assembly 9985525 

Auxiliary acquisition relay assembly 9985525 
(fig. 24.1, TM 9-1480-257-20) contains 18 
relays which are used to switch various func- 
tions from the NAR (Nike acquisition radar) 
to the AAR (auxiliary acquisition radar) when 
the AAR is selected. For functional theory of 
relay operation, refer to TM 9-1430-250-20 


os TM 9-1430-250-35 
CHAPTER 4 (U)} 
ACQUISITION ANTENNA PEDESTAL 
53 (U). Acquisition Antenna Pedestal 50 and is incorporated in production 
8513363, 9002671, 9156545 at system 1363. 
a. General. b. Detailed Theory. 
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(4) 
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The main function of the acquisition 
antenna pedestal is to provide motive 
power for rotating the antenna in azi- 
muth. Other functions include transfer 
of rf energy, transfer of control sig- 
nals, and facilities for orientation of 
the acquisition antenna during em- 
placement. 

Motive power is furnished by an elec- 
tric motor coupled to the antenna 
through the acquisition antenna drive. 
In systems 1001 through 1020, acqui- 
sition antenna drive 8515267 and 
motor 8515037 are used. In systems 
1021 through 1059, acquisition an- 
tenna drive 8513894 and motor 
9010200 are used. Because of the 
change in acquisition antenna drives 
and motors, the acquisition antenna 
pedestal is modified to 9002761. The 
pedestals are not interchangeable. The 
difference between the two antenna 
drives is discussed in paragraph 54. 

A positive means for transferring 
maximum rf energy and control sig- 
nals, between stationary and rotating 
elements of the antenna, is accom- 
plished by the rotary coupler and the 
acquisition slip-ring, respectively. 
Pressurization of the rotary coupler 
is performed by the compressor, and 
amplification of antenna position volt- 
ages ig accomplished in the resolver 
amplifier. The acquisition resolver 
generates the antenna position volt- 
ages. 

The acquisition orientation level is 
maintenance equipment used only dur- 
ing emplacement or periodic reorien- 
tation of the antenna. 

Acquisition antenna pedestal 9156545 
is modified for use with the antijam 
display receiver by MWO 9-1400-268- 


(1) 


(2) 


(3) 


The main power to the acquisition an- 
tenna pedestal is applied from the ex- 
ternal acquisition power control panel. 
As shown schematically in figure 60, 
TM 9-1430-257-20, the 3-phase, 208- 
volt, 400-cps voltage is applied through 
AC POWER connector J1-1, 4, and 
9 to the motor-speed contro] panel and 
to the compressor. The neutral for the 
supply voltage is returned through 
Ji-16. 

A 4ke excitation voltage is applied 
from the external 4-ke oscillator 
through J1-27 and 28 to acquisition 
azimuth resolver B2. This resolver is 
mechanically linked with acquisition 
drive motor B1 and rotates at the 
same rate as the acquisition antenna. 
The modulated 4-ke signal output from 
the rotor of B2 is connected through 
connector J6-1 and 2 to the input of 
the resolver amplifier. A 120-volt, 
400-cps, phase A voltage is applied 
through J1-2, 7, and 12 to the resolver 
amplifier. The neutral is returned 
through J1-8, 8, and 13. These ter- 
minals on each leg are used to in- 
crease the current-carrying capacitor 
of the connection. The modulated 4-ke 
signal output from the resolver ampli- 
fier is applied through J6-5 and 9 and 
CONTROL connector J2-33 and 35 to 
the external target designate control- 
indicator. Interlock switch 53 is 
opened when the acquisition antenna 
pedestal cover is removed. This dis- 
connects the +250-volt supply to the 
resolver amplifier. 

Antenna disable switch S1 is located 
under a protective cover on the side of 
the pedestal. The normally closed con- 
tacts are in series with —28 volts 
applied 
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through connector J3-21. When S1 is 
operated, the operating potential is re- 
moved from the relays of the motor-speed 
control panel, and the acquisition drive 
motor is immobilized so that maintenance 
may be performed in the acquisition 
antenna pedestal without danger to per- 
sonnel. Motor-speed control panel inter- 
lock switch S4 is also in series with the 
—28-volt supply. When the motor-speed 
control panel is removed, 54 operates, 
and power to the acquisition drive motor 
is removed so that maintenance may be 
performed without danger to personnel. 
Three relays and associated wiring make 
up the motor-speed control panel, The 
—28 volts is applied to one side of each 
relay. When a given relay is operated, 
it applies the 3-phase, 208-volt, 400-cps 
power to the specific winding in the motor 
related to the relay. A varistor is con- 
nected across each of the relay coils to 
provide an effective short circuit for any 
pulse or voltage developed in the relay 
coils. This prevents arcing across the 
switch or relay contacts. A varistor de- 
creases resistance with an increase in the 
applied voltage, and it is this characteris- 
tic which bypasses the transient surge 
voltages. 

The operation of the motor-speed control 
panel (fig. 49) is as follows. When 
ANTENNA-AZIMUTH RPM switch 
87 in the acquisition control-indicator is 
in the OFF position, all relays are de- 
energized. In this position, no power is 
applied to the motor windings and the 
antenna is not rotated. The main power 
to the acquisition antenna pedestal is ap- 
plied through ACQ MOTORS switch S5 
located on the acquisition power control 
panel. With S7 in the 5 position, the 
switch arm of S7A connects ground 
terminal 10 to terminal 7. The circuit is 
then completed through 5-rpm relay K1 
and relay contacts 4 and 3 of 15-rpm re- 
lay K3, and 1 and 2 of 10-rpm relay K2 to 
the —28-volt supply. The 5-rpm relay 


(6) 


K1 closes and applies 208-volt, 3-phase, 
400-eps power from the acquisition power 
control panel to the 5-rpm windings of 
the acquisition drive motor; the antenna 
now rotates inSrpm. When S7is placed , 
in the 10 position, K1 is deenergized and | 
ground is connected to the coil of K2. 
The circuit is completed through contacts 
2 and 1 of K3, and 3 and 4 of K1 to the 
—28-volt supply. The 10-rpm relay K2 
closes and applies power to the 10-rpm 
windings of the motor; the antenna now 
rotates at 10 rpm. When $7 is placed in 
the 15 position, K2 is deenergized and 
ground is connected to the coil of 15-rpm 
relay K3. The circuit is completed 
through contacts 2 and 1 of K1, and 1 and 
2 of K2 to the —28-voit supply. Relay 
K8 closes and applies power to the 15- 
rpm windings of the motor; the antenna 
now rotates at 15 rpm. At no time can 
more than one relay be energized, since 
energizing a given relay disables the 
other two relays. This prevents more 
than one set of windings in the drive 
motor from being energized at any one 
time. 

The acquisition drive motor contains 
three sets of fields, each set energized 
through its related relay in the motor- 
speed control panel. The three sets of 
fields produce three speeds of rotation 
through one common armature. The 
motor is a 8-phase, 3-speed, 208-volt, 400- 
eps, constant torque, 4-horsepower, ac in- 
duction motor of the squirrel-cage type. 
The motor is located beneath the turn- 
table and gear reduction box in the ac- 
quisition antenna drive. The operating 
characteristics of drive motor 8515037 are 
listed in table IV. Beginning with sys- 
tem 1021, motor 9010200 replaces motor 
8515037. The difference between the two 
is that motor 9010200 is faster than motor 
8515037. The operating characteristics 
of motor 9010200 are listed in table V. 
The motors are not interchangeable. 
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Figure 49. (U) Motor-speed control pamel—aimplified schematic diagram. 
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Table IV. Motor 8615037 hsacten: stios 


Antenna speed Motor speed. Horsepower] Current flow 
5 rpm... 1,650 rpm___ 0. 875 | 9.5 amp 
10 rpm 3,600 rpm_ 075 | 7.0 amp 
15 rpm. _ -| 6,600 rpm_._ 1.2 7.0 amp 

Table V. Motor 9010260 Characteristics 

Antenna speed Motor speed Horsepower] Current flow 
Srpm... 3,600 rpm_.. 0.75 | 6.0 amp 
1 rpm .| 7,200 rpm___ 1.5 | 80 amp 
15 rpm_____.__.} 10,800 rpm 4.0 | 19.0 amp 


(7) The motor drives the acquisition an- 
tenna drive, which in turn drives the 
acquisition antenna, the rotary coupler, 
the acquisition slipring, and acquisition 
azimuth resolver B2. 


34, Acquisition Antenna Drive 8515267, 
8513894 


a, General. The acquisition antenna drive is a 
mechanical linkage between the acquisition drive 
motor and the acquisition antenna. The linkage 
consists of gears which provide a 30 to 1 step-down 
ratio. Included im the linkage is a slip clutch 
which protects the motor from burnout in case the 
rotating mechanisms become jammed. The an- 
tenna drive is contained in an oil-filled gear 
reduction box, sealed to prevent entry of dust and 
to reduce noise level. 

b. Detailed Theory. 

(1) Power is applied to the acquisition drive 
motor through connector J1 (fig. 60, TM. 
91430-25720). The motor converts 
electrical power to mechanical power 
which rotates the output drive sprocket. 

(2) The motor armature pinion extends into 
the antenna drive assembly when the 
antenna drive assembly and the motor are 
joined together. Oil can be added to the 
interior of the housing or can be drained 
by removing a pipe plug threaded into 
the side of the housing. The level of oil 
within the housing can be ascertained 
through the window of the oil gage. 


(4) 


(5) 


) The motor armature pinion (fig. 50) is 
extended into the antenna drive housing 
and meshes with the small gear. The 


shafts of the gears rotate in their re- | 


spective ball bearings mounted in the 
orifices of the cover and housing. With 
the motor rotating at 1,650 rpm, the 
motor armature pinion drives the small 
gear. A smaller gear on the shaft of the 
small gear drives the large gear assembly 
which also has a small 15-teoth gear used 
to drive the 84-tooth gear, This 30 to 1 
reduction gear linkage turns the drive 
sprocket at 120 rpm. The slip clutch is 
contained in the large gear assembly. 
Power is applied to the 60-tooth gear. 
As the gear rotates, it transmits the power 
through the spring to the collar. The 
spring offset fits into a slot on the collar 
to provide a positive connection. The 
spline of the 15-tooth gear fits into the 
collar, causing the 15-tooth gear to rotate 
at the same rate as the 60-tooth gear. 
In the event of overload or jamming, 
slippage occurs between the 60-tooth gear 
and spring, thus immobilizing the 
15-tooth gear. 

The dotted line in figure 50 shows the 
power path from the acquisition drive 
motor to the drive sprocket. The power 
from the motor armature is coupled from 
the motor armature pinion to the small 
gear. After a speed reduction, the path 
continues from the small gear to the large 
gear. After another speed reduction, the 
path continued from the large gear to the 
84-tooth gear and on to the drive sprocket. 
When the acquisition antenna drive (fig. 
51) is placed in the acquisition antenna 
pedestal, the drive sprocket meshes with 
the idler gear. In turn, the idler gear 
meshes with the large ring gear which is 
bolted to the turntable. Since the an- 
tenna is also bolted to the turntable, its 
rotational motion is dependent upon mo- 
tive power provided by the acquisition 
drive motor. 
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Figure 50. (U} Antenna drine—power path 


ce. Antenna Drive 8513894. Beginning with sys- 
tem 1021, antenna drive 8515267 is replaced by an- 
tenna drive 8513894. Because of the change in 
speed of the motor (par. 536(6)), the following 
gear changes are incorporated in antenna drive 
8513894. The large and 84-tooth gears (fig. 50) 
are replaced by speed-decrease gear assemblies 
8513899 and 8513903, respectively. The purpose 
of the change between antenna drive 8515267 and 
antenna drive 8513894 is to provide an antenna 
drive which will operate satisfactorily in high 
winds. Antenna drives 8515267 and 8513894 are 
mechanically similar, but are not interchangeable. 


55. Acquisition Slipring 7620498 
a, General. 
(1) The acquisition slipring (fig. 52) contains 
a series of continuous conducting rings 
compactly stacked to fit in a small space. 
The assembly serves as an electrical con- 
nector between components located in the 
stationary portion and components lo- 


cated in the rotating portion of the ac- 

quisition antenna pedestal. 
(2) The brush contacts of the slipring are 
made from a precious metal alloy and the 
rings are made from fused gold, silver, 
and nickel. These metals are used be- 
cause of their excellent conductive capa- 
bilities. 
The slipring consists of inner and outer 
subassemblies. The inner subassembly, 
which remains stationary, contains 24 con- 
tinuous conducting rings. The outer 
subassembly, which rotates at antenna 
speed, contains brush contacts for each 
continuous conducting ring. 

(4) The slipring transfers elevation drive 
data, IFF sync pulses, IFF power, IFF 
contro] data, and IFF video pulses be- 
tween stationary and moving elements of 
the antenna pedestal, 

b. Detailed Theory. 
(1) Six groups of brush contacts are stacked. 
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Figure 51, (U) Acquisition antenna pedestal—partial exploded view. 
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Figure 52. (U) Acquisition. stiprina—tocation. 


to sit vertically on the ring and are held 
down by the bracket group. The bracket 
group contains the terminals of the brush 
contacts plus connectors of IFF syne and 
IFF video. 

(2) The location of the slipring in the acqui- 
sition antenna pedestal is shown in figure 
52. It is inserted into a cavity on top of 
the turntable. The inner section of the 
coaxial line, the outer section of the co- 
axial line, and the hub are extended up- 
ward through the center of the slipring. 

(3) Figure 60, TM 9-1430-257-20 shows the 
manner in which the slipring inner circle 
TBS and outer circle TB6 terminals are 
connected to connectors J2, J3, J4, Pl, 
Pil, P12, P13, P14, and P15 in the 
acquisition antenna pedestal. 


56, Resolver Amplifier 7620653 
a. General, 


(1) The resolver amplifier provides sufficient 
power amplification of the acquisition 
azimuth resolver signal to drive resolvers 


in the acquisition and target tracking 
radar systems. 

The resolver amplifier contains two chan- 
nels, a north-south (N-S) and an east- 
west (E-W) channel. Since both chan- 
nels are identical, only the north-south 
(N-S) channel will be discussed. 


b, Detailed Theory. 


(1) 


(2) 


The 4-ke signal at connector P1-1 (fig. 
61, TM 9-1430-257-20) is coupled to the 
control grid of voltage amplifier Vi 
through the RC cireuit of R1 and C6. 
The amplifier output from the plate of 
Vi is coupled through capacitor C3 to 
the control grid of power amplifier V2. 
The amplified output at the plate of V2 is 
coupled through transformer T2 to P1-5 
and 7. 

A portion of the output signal is re- 
turned to the grid of V1 through RC net- 
work R2 and C7 from terminal 1 of T2 
to provide degenerative feedback. Ca 
pacitor C6 shifts the phase of the input 
signal, and C7 shifts the phase of the 
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feedback voltage to maintain a constant 
180° phase relationship between the two 
4-ke signals, 

Voltage amplifier V1 is a conventional 
voltage amplifier. Cathode bias is pro- 
vided by resistor R3 and cathode bypass 
capacitor C5. Screen voltage is dropped 
through resistor R5 with capacitor C2 
acting as screen bypass. The amplified 
signal at the plate of V1 is developed 
across resistor R4 and coupled through 
C3 to V2. 

Amplifier V2 serves as a power amplifier. 
Cathode bias is developed across resistor 
R6 and cathode bypass is provided by 
capacitor C8, Screen voltage is dropped 
across resistor R8 with capacitor C1 act- 
ing as screen bypass. Plate voltage is 
supplied through R&, the primary of T2, 
and resistor R7 in series. Resistor R7 is 
a parasitic suppressor. The output of V2 
is fed through T2 to P1-5 and 7. 
Transformer T2 is electrostatically 
shielded. Capacitor-resistor network C9 
and R10 across the primary winding of 


BELLOWS 
ASSEMBLY 


TAPERED. 
WAVEGUIDE 
SECTION: 


T2 compensates for the reactive effect of 
the winding, Capacitor-resistor network 
C4 and R21 across the secondary winding 
of T2 performs a similar function to pre- 
vent phase shift. 


57. Rotary Coupler 8019245 


a. General, The function of the rotary coupler 
(fig. 53) is to couple RF energy between the sta- 
tionary portion of the acquisition antenna pedestal 
and the rotating antenna. If necessary, the ro- 
tary waveguide can be pressurized to prevent 
internal areing. 

b. Detailed Theory. 

(1) A cross-sectional view of the rotary cou- 
pler is shown in figure 54. RF energy 
is coupled from the duplexer through a 
flexible waveguide to the lower choke 
joint shown in the figure. 

(2) A choke joint used with rectangular 
waveguides has a slot (A-B) one-quarter 
wavelength (B-C) from the broad face 
of the waveguide, When energy at- 
tempts to leak out of the wave guide at 
the joint, standing waves are set up in 
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Figure 53. (U) Rotary coupler—tower section. 
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45-DEGREE 
ELBOW 
WINDOW 
<t— FROM 
DUPLEXER 
ee 
VALVE 

RA PD 468215 
149 


TM 9-1430-250-35 


159 


(3) 


(4) 


these quarter-wave sections. The short 
circuit at (A) is reflected to (B) asa 
high impedance. The high impedance 
is transformed to a low impedance 
across the quarter-wave section (B-C). 
This occurs because the addition of 
the two quarter-wave standing wave 
sections effectively _ short-circuits 
points (D-E) in spite of the fact that 
there is no metallic connection be- 
tween the points. 

The principle of the choke joint is 
especially useful when it becomes 
necessary to insert separators such 
as the windows shown in the lower 
and upper choke joint. The lower 
waveguide section is rectangular and 
contains an air pressure input 45 

elbow. A valve in the lower choke 
joint provides a means for releasing 
the air pressure. Energy from the du- 
plexer is directed through the lower 
choke point, the window, and the 
tapered waveguide section to the 
lower section of the coaxial line. The 
tapered waveguide termination is 
called the “oil can” junction because 
of its shape. The inner conductor of 
the coaxial line is rigidly mounted on 
the “oil can” and extends through the 
lower section of the coaxial line, The 
tapered waveguide section is evenly 
split into two dissimilar paths at the 
“oil can” junction. The difference be- 
tween the two paths is equivalent to 
one-half wavelength and provides the 
proper impedance match between the 
tapered waveguide section and the 
coaxial line. The RF energy is con- 
ducted through the coaxial line, 
around the cap, and is reflected by the 
knob junction in the upper waveguide 
section. An upper choke joint, similar 
to the lower choke joint, terminates 
the upper waveguide section and pro- 
vides proper coupling to the antenna 
waveguide. 

It is necessary that the connections be- 
tween the stationary waveguide and 
the rotating antenna fit tightly at the 
point where they join. The connection 
portion of the joint consists of two 


ce 


cylindrical metallic sections placed so 
that the smaller section fits snugly in- 
side the larger upper section. A third 
cylindrical section, called the bellows 
assembly, is placed around the lower 
section of the rotary joint at the 
lower end of the upper section. This 
flexible assembly contains two hy- 
draulic O-rings which are provided to 
keep the joint airtight so that the en- 
tire RF conducting area, within the 
rotary coupler, may be pressurized. 
A window located in each of the choke 
joints is pressure tight for the same 
reason. 

The upper section of the rotary joint 
contains two small resonant cavities 
which are designed to prevent RF 
leakage through the seam where the 
upper and lower sections fit together. 
These cavities are one-quarter wave- 
length long and are placed so that 
they reflect an effective short circuit 
across the gap where the two sections 
of the joint meet. This is the same 
principle employed in the choke joints 
and thus causes the inner walls of, 
the rotary joint to appear as an un- 
broken path for the RF energy con- 
ducted to the antenna. 
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57.1 (WU). Rotary Coupler 9156621 

a, General. The function of the rotary cou- 
pler is to couple RF energy between the sta- 
tionary portion of the acquisition antenna ped- 
estal and the rotating antenna. To accom- 
plish this, the rotary coupler utilizes two iso- 
lated channels; one with high power and the 
other with low power handling capabilities. 
The high power channel provides a path for 
main antenna receiving and transmitting, while 
the low power channel provides a path for the 
auxiliary antenna received energy which is 
used in the JS receiver. High power channel 
insertion loss is a maximum of 0.1 db, while 
low power channel maximum joss is 0.8 db. 
Isolation between channels is a minimum of 
90 db. If necessary, the rotary waveguide can 

be pressurized to prevent internal arcing. 

b. Detailed Theory. 

(1) A cross sectional view of the rotary 
coupler is shown in figure 54.1. RF 


ce 


(2) 


energy is coupled from the duplexer 
through a flexible waveguide to the 
lower choke joint shown in the figure. 
For theory of the choke joints and 
electrical theory of the rotary joint for 
the normal acquisition antenna refer 
to paragraph 57. 

The inner section of coaxial line in 
conjunction with the outer section of 
the rotary coupler together form a 
dual concentric coaxial transmission 
line. The outer section is used as the 
high power channel, while the inner 
section is used as the low power chan- 
nel. 


58 (U). Compressor 7605715 or Pressuriza- 


tion Unit 9138649 


a. General. The compressor (fig. 55) is a 
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compact pressurization unit used to maintain 
the rotary coupler under pressure to prevent 
arcing within the waveguides. Arcing within 
the waveguide may be caused by an increase 
in power output, by a decrease in atmospheric 
pressure within the waveguide, or by rough 
or dirty walls within the waveguide. 
b. Detailed Theory. 
(1) A —28-volt potential is applied 
through P1-H and power switch $1 
(fig. 60, TM 9-1480-257-20). When 
$1 is operated to the ON position, 
the —28 volts is applied through nor- 
mnally closed operate pressure switch 
$2 and safety pressure switch S88 to 
start relay K1, Relay K1 and power 
indicator light I1 are returned to 
ground through connector P1-C. 
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RF FROM 
AUXILIARY > 


ANTENNA Ly | 


17 


16 4 


1—Window 

2—Upper choke joint 
3—Upper waveguide section 
4—Upper section of coaxial line 
5—Outer section of coaxial line 
6—Hydraulie "O” ring 
7—Bellows assembly 
&—Tapered waveguide section 
$—Lower choke joint 


RF TO 
ANTENNA 


RF FROM 
DUPLEXER. 


io oro Ga7647B 


10—Valve 

11—Lower waveguide section 
12—45-degree elbow 

18—Cap 

14-—Lower section of coaxial line 
15—Resonant cavity 

16—Inner section of coaxial line 
17—Insulator 

18—Inner coaxia] conductor 


Figure 54.1 (U). Rotary coupler - cross section—used with AAR. 
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SWITCHES $2, $3 
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MOTOR BT 


[acres | 


RA PD 468216 


Figure 55. (U) Compressor. 
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(2) 


(3) 


(4) 


Light Ii illuminates to indicate 
that Sl is in the ON position. 
A 3-phase, 208-volt, 400-cps 
voltage is applied through con- 
nectors P1-A, B, and G, fuses 
Fl, F2, and F3, and contacts of 
energized Kl to compressor 
motor Bl. The motor is rated at 
1/4 horsepower. It rotates at a 
speed of approximately 7,500 
rpm with 5 to 1 speed reduction 
obtained inthe mechanical gear- 
ing between the motor and the 
compressor, 

The compressor is a single 
cylinder, single action pump and 
has a capacity of 110 cubicinch- 
es of air per minute within the 
operating pressure range of 10 
to 16 psi, The pump action builds 
up air pressure within the wave- 
guide of the rotary coupler and 
when this pressure increases to 
16 psi, operate pressure switch 
82 is forced open, This releases 
start relay K1, which in turn 
opens the 3-phase supply circuit 
to motor Bl, and the motor 
stops. 

Air pressure within the wave- 
guide may be read on PRESS 
meter M1 located on the front 
of the compressor enclosure. 
This meter is graduated from 
9 to 25 psi and is accurate with- 
in +1 psi. When air leakage 
decreases the pressure to 10 
psi, operate pressure switch S2 
closes and energizes startrelay 
K1, which in turn causes the 
compressor action to be re- 
sumed, In the event S2 fails to 
open, safety pressure switch $3 
assumes the function of opening 
or reclosing the motor-pump 
circuit. Switch S3 opens at 23 
psi and closes at 17 psi, If 
neither switch operates,a relief 
valve, located behind the air 


cl 


pressure meter, opens to pre- 
vent the pressure from ex~ 
ceeding 30 psi. 


58.1, (U) Dehumidifier ~ 9150659 


General. 


The dehumidifier (fig. 


55.1) is used on systems 1327 and up to 
eliminate moisture inthe rotary coupler. 
The air from the compressor is passed 
through the dehumidifier before being 
applied to the rotary coupler. 


b. Detailed Theory. 
(1) The dehumidifier consists of 


(2) 


two regenerative desiccant 
tanks, a heating element for 
each tank (HTR1 and HTR2), 
two solenoid-controlled air and 
steam valves, two capillary 
tubes, and a cycle timer. The 
cycle timer consists of a 400- 
eps synchronous motor, driving 
cams, and microswitches. The 
motor drives the cams which 
operate the microswitches, 
These switches control the op- 
eration of solenoids Ll and L2 
which open and close the air 
and steam valves, The excita~ 
tion of heating elements HTR1 
and HTR2 is also controlled by 
the microswitches. The opera- 
tion of the dehumidifier as de- 
scribed in (2) through (5) below 
is cycled so that one desiccant 
tanks is in use while the other 
tank is being dried, 

When 400 cycle ac and 28v 
de power is applied to the de- 
humidifier, the synchronous 
motor on the cycle timer is 
energized and indicator lights 
Ii and 12 are illuminated. Con- 
tacts of the microswitches con- 
nected to terminals 6 and 12, 
7 and 13, and 4 and 11 of the 
cycle timer are closedas shown 
in figure 55.1, Tank 1 solenoid 
Li is deenergized. Tank 2 sole- 
noid L2 is energized through 
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cL 


(3) 


contacts ofthe microswitch con- 
nected to terminals 4 and 11 
of the cycle timer. Heater HTR1 
is deenergized. Heater HTR2 is 
energized through contacts of 
the microswitch connected to 
terminals 6 and 12 on the cycle 
timer. Deenergized tank 1 sole- 
noid Ll opens the air valve 
and closes the steam valve as— 
sociated with desiccant tank no. 
1, Energized tank 2 solenoid 
L2 closes the air valve and 
opens the steam valve of desic- 
cant tank no. 2. Air then flows 
into the air INLET from the 
compressor through the open 
air valve, desiccant tank no. 1 
and the associated check valve. 
From the check valve the air 
flows through the HUMIDITY 
INDICATOR and then through 
the air outlet to the rotary cou- 
pler, The moisture in the air 
stream is absorbed by the desic- 
cant tank no, 1, The desiccant 
in desiccant tank no, 2 is dried 
during the first 45 minutes of 
cycle. Heater HTR2 vaporized 
the moisture from the desic- 
cant in the tank and discharges 
it as steam through the open 
steam valve. A small amount 
of air from the air flow sup- 
plies a pressure to desiccant 
tank no. 2 through the asso- 
ciated capillary tube to aid the 
steam discharge. At the end 
of the first 45 minutes of the 
cycle, cam 1 breaks the micro~ 
switch contacts connected to 
terminals 6 and 12 of the cycle 
timer and heater HTR2 is de- 
energized. For the next 45 min- 
utes of the cycle, the desiccant 
in tank 2 cools down to the 
normal operating temperature. 
At the end of 90 minutes, cams 
2 and 3 activate the associated 


(4) 


(5) 
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microswitches. Heater HTR1 
and tank 1 solenoid L1 are 
energized and tank 2 solenoid 
L2 is deenergized. This action 
closes the air valve and opens 
the steam valve associated with 
desiccant tank no, 1 and opens 
the air valve and closes the 
steam valve associated with 
desiccant tank no. 2. The air 
flow is now directed through 
desiccant tank no. 2 and heater 
HTR1 begins to dry desiccant 
tank no, 1, At the end of 135 
minutes cam 2 breaks micro- 
switch contacts connected to 
terminals 8 and 13 of the cycle 
timer and heater HTR1 is de- 
energized. For the next 45 min- 
utes of the cycle, the desiccant 
in tank 2 cools down to the nor~ 
mal operating temperature, 

At the end of 180 minutes, cams 
1 and 3 operate the associated 
microswitches. Heater HTR2 
and tank 2 solenoid L2 are en- 
ergized while tank 1 solenoid 
L1 is deenergized, This action 
closes the air valve and opens 
the steam valve associated with 
desiccant tank no. 2 and opens 
the air valve and closes the 
steam valve associated with 
desiccant tank no, 1. The air 
flow is now directed through 
desiccant tank no. 1 and heater 
HTR2 begins to dry desiccant 
tank no, 2 as explained in para- 
graph (2) above. The full cycle 
requiring 180 minutes is now 
completed. This cycling con~ 
tinues until power is removed 
from the dehumidifier. 

The air leaving the desiccant 
tanks passes through a small 
amount of desiccant which is 
visible through a window in the 
HUMIDITY INDICATOR. This 
desiccant is impregnated with 
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a substance which indicates 
moisture. This provides a check 
to determine if the unit is op~ 
erating properly, This desic- 
cant is normally blue and will 
turn pink if itabsorbs moisture, 


59. (U) Acquisition Orientation Level 
7614258 
a. General, The acquisition orienta- 
tion level (fig. 56) is used when leveling 
and orienting the acquisition antenna, 
b. Detailed Theory. 

(1) The acquisition orientation level 
is contained in a metal case 
(fig. 57) having a hinged cover 
and a carrying handle. The bot- 
tom of the case has a machined, 
circular, flat surface with two 
dowel holes used as a refer- 
ence. The center of the circular 
surface is a depression in the 
case material. The center is 
tapped to accommodate a lock 
screw. 

(2} Two spirit levels (fig. 56) 
mounted at right angles to each 
other are used to establish a 
level horizontal position of the 
antenna. Two plan-table re- 
tractable peepsights are used 
for positioning the antenna to 
a known reference designation 
when orienting. A knurled knob 
is used to screw the level case 
to a reference surface on the 
antenna, 

(3) The acquisition orientation level 
is placed on the acquisition an- 
tenna pedestal so that the dowel 
holes on the case fit over the 
dowel pins located on the ro- 
tating part of the pedestal. The 
three antenna mounting legs are 
provided with jack-type feetasa 
means of leveling the antenna, 
These jacks are set so that the 
spirit levels in the case are 
level within tolerance over the 
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PEEP SIGHTS 


SPIRIT LEVELS 


RA PD 468217 
Figure 56. (U) Acquisition orientation level - inside 
view 


full 360° travel of the rotating 
portion of the acquisition an- 
tenna pedestal, 

(4) Care must be taken to make 
certain that only the acquisi- 
tion orientation level assigned 
to the antenna is used in sight- 
ing it, because the dowel pins 
on the particular antenna refer- 
ence surfaces have been ad- 
justed to the assigned serial 
number of the level case, 


MACHINED SURFACE 


RA PD 468218 


DOWEL HOLES. 
Figure 57. (U) Acquisition orientation level - bottom 
views 
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CHAPTER 5 


ACQUISITION RADAR MODULATOR 


60. Acquisition Modulator 8512354 
a. General. The acquisition modulator circuit 


develops a 


positive 800-volt, 2-microsecond pulse 


into a 4- to 8-kilovolt, {kv}, 1.3-microsecond pulse 
which is used to trigger the acquisition magnetron. 
The acquisition modulator contains two subchas- 
sis; the acquisition trigger amplifier (par. 61) and 


modulator 


eontrol-indicator (par. 62). 


b. Detailed Theory. 
(1) TAyratron switch V1. 


(@) 


(3) 


With no input signal, hydrogen thyra- 
tron switch V1 (fig. 52, TM 9-1430- 
257-20) is cut. off even through oper- 
ating with 0-volt. grid bias and 8 to 16 
ky on its plate. No plate current flows 
because a hydrogen thyratron tube re- 
quires a positive control grid for tube 
ionization. In the plate circuit, the 
capacitors in pulse-forming network 
Zl charge 8 to 16 kv by means of res- 
onant charging or charges almost twice 
the 4 to 8 kv at TRAILER HIGH 
VOLTAGE connector JI. (Resonant 
charging is described in par. 61.) The 
voltage at, J1 can be varied from 4 to 8 
kv by MAGNETRON HV supply knob 
T1 located on the acquisition control- 
indicator, It is normally set for 6 to 7 
ky, which produces the desired 80 mil- 
liamperes of magnetron current. Mag- 
netron. pulse transformer T1, located in 
the acquisition receiver-transmitter, is 
the load of Z1. The complete charge 
path of Z1 is from ground through ex- 
ternally located T1, through PULSE 
connector J5 to Z1, then through in- 
ductor L3 and J1 to the acquisition 
high-voltage power supply. 

The positive 800-volt, 2-microsecond 
trigger pulse is applied to grid resistor 


Ri of V1 through connector J4, The 
trigger pulse ionizes V1, allowing 21 
to discharge through magnetron pulse 
transformer T1 and the low resistance 
of V1. Pulse-forming network Z1 is 
completely discharged in 1.3 microsec- 
onds, producing a negative 4- to 8-kv, 
1.3-microsecond pulse across Tl. Si- 
multaneously, with the trailing edge of 
the pulse, V1 deionizes and Z1 again 
charges (from ground through L3) to 
+8 to +16 kv. The charge-discharge 
eycle of Z1 is repeated at the 500-pps 
rate of the trigger pulse from the ac- 
quisition trigger amplifier. 

I, The output cirenit of V1 is matched to 

the impedance of the magnetron as 

closely as possible to obtain a maxi- 

mum power transfer. In accom- 

plishing maximum power transfer, 

the amplitude of the output pulse 
drops to one-half the & to 16 kv to 
which Z1 is charged. 

2. At the instant of ionization, V1 draws 
grid current. The sudden change of 
voltage between the grid and ground 
of V1 imitiates a voltage transient 
which is reflected toward the acquisi- 
tion trigger amplifier. However, in- 
ductor L1 is in series with the voltage 
transient reflected to J4 and the high 
reactance of L1 to the initial surge of 
grid current limits the amplitude of 
the reflected voltage. 

3. In the plate circuit of V1, the first 
surge of current initiates a half-cycke 
of oscillation in the LCR combina- 
tion of inductor L2, resistor R2, and 
capacitor Cl. This half-cycle of os- 
cillation shapes the leading edge of 
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62. 


a. 


frequency of the transmitter syne pulse. 
Since polarity reversal oceurs in 
and since TS has @ step-up ratio of 1 to 
1A, the output pulse at connector J2 is 
a positive-going, 800-volt, Q-microsec- 
ond. pulse. The pulse at winding 2-1 
of T3 can be monitored at trigger pulse 
monitor test point connector TP2. 


(4) Reverse current diode vs. Atthe termi- 


nation of the output pulse and before Z1 
js recharged, voltage yeflections are Te 
cexved from the acquisition modulator. 
‘These reflections enter at connector J2 
and are coupled from winding 2-1 of T3 
to winding 3-4. The voltage reflections 
are of the same polarity 9s the outgoing 
trigger pulse. However, winding 2-1 

T3 is now the source, and ZA is the Joad. 
The negative pulse induced in winding 
3-4 of T3 is coupled through Z1 to the 
plate of ‘ya, driving it negative with re- 
spect to ground. This also places the 
cathode of reverse current diode V3 below 
ground. Therefore, V3 conducts and 
shorts the reflected voltage to ground. 


level. for guccessive pulses and removes 
any damped oscillations in the trailing 
edge of the pulse which could cause Tan- 


dom triggeting of the magnetron. 


Modulator Control-Indicator 8173006 
General. The modulator control-indicator 


contains jnetering, power supply, and overload 
control cireuits of the acquisition modulator. 


b. 
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Detailed Theory. 
(1) Overload cirewit. 
(a) The input to the overload eirenit is & 
do current applied at connector Pi-t 
(ig. b4, TM 91430-257-20). This 
current is caused by voltage reflections 
from the magnetron to the acquisition 


through common resistor R4 to ground. 


Normally, the total current ranges from 
30 to 56 milliamperes, which is not suffi- 
cient to energize Ki, [fthe voltage re- 
flections from the magnetron to the 
modulator circuit are excessive, the 
current increases sufficiently to energize 
Ki. Contacts 5 and 6 of Ki open, 
preaking the high-voltage ynterloek cir- 
euit. This removes all high voltage 
from the acquisition transmitter syS- 
tem. 

(b) Capacitor Cl is connected across Re 
and Ki and bypasses any sudden cur- 
rent surges around Ki. This insures 
that Ki energizes only when the current 
increase is continuous. Capacitor C1 
also acts as 2 filter for continuous over” 
Joad current and thus maintains @ con- 
stant voltage drop across K1. Resist- 
ors Ri and R2 are jn series with K1 and 
Himit the current through the relay coil. 
The voltage developed across resistor 
‘R4 is applied to meter Mi as an indi- 
cation of inverse current. 

(2) Thyratron-reservow” power supply. The 
input to the thyratron-reservoir power 
supply is 120 volts ac. This yoltage is 
applied through Pi-14 and 15 to variable 
transformer T1. A variable tap, adjusted 
by means of the INCREASE Jmnob, con- 
trols the output voltage from Ti. The 
voltage range of Ti is 0 to 6 volts at 0 
to amperes; Tt js adjusted to the value 
stamped on thyratron witch V1 in the 
acquisition jnodulator circuit. The pur- 
pose of & variable ac voltage in Ti is to 
maintain optirwm gas pressure within 
Vi in the acquisition modulator (par. 
606 (1) (¢))- This voltage is applied 
from terminal 3 of Ti directly to primary 
winding 1-2 of transformer T2. Parallel 
secondary windings are employed in T2 
for current: handling. The output from 
these windings js applied to Pi-2 and 5. 

(3) etering cireuat. Meter M1 is used for 
monitoring the inverse current and thyra- 
tron-reservoir voltage. The jnput to 
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meter M1 is controlled by switch Si, 
which has three positions: OFF, IN- 
VERSE CURRENT (FS 100 MA), and 
THY.-RES VOLTAGE FS 10 V. A 
reading of from 30- to 55-milliampere 
inverse current indicates normal opera- 
tion of the acquisition modulator. With 
$1 in the THY.-RES VOLTAGE FS 
10 V position, M1 indicates the volt- 
age stamped on V1 in the acquisition 
modulator. 


63. Miscellaneous Cabinet-Mounted Com- 


ponents in Acquisition Modulator 


power supply voltages, but isolate the 
power supplies from high-frequency volt- 
age transients present in the acquisition 
modulator. 

Interlock switeh S1. Interlock switch 51 
is mounted on the acquisition modulator 
housing, flush with the outer cover. 
Switch S1 is normally closed, completing 
the ground path to relays controlling the 
low-voltage power supply. When the 
cover is removed, switch S1 opens this 
path. Low-voltage power is removed, 
and INTLK indicator light 130 on the 


acquisition power control panel is ex- 
tinguished, At the same time, high volt- 
age is also removed because the low- and 
high-voltage control circuits are inter- 
locked. 


a. General. This paragraph describes the 
theory of operation of cabinet-mounted compo- 
nents in the acquisition modulator. 

b. Detailed Theory. 

(1) Impedance networks. Impedance siet- 


works Z2, Z3, Z4, and Z5 are low-pass 
filters connected in series with the —250- 
volt, 120-volt. neutral, 120-volt phase C, 
and +820-volt power supplies, respec- 
tively (fig. 52, TM 9-1490-257-20). 
These filters pass the low-frequency 


saz108 © -bo = 11 


(3) Transformer T1. Transformer T1 sup- 


plies 6.8 volts ac to the filaments of V1 
in the acquisition modulator. 


(4) Blower motor B1, Blower motor B1 is 


a 208-volt, three-phase motor provided 
to cool the acquisition modulator circuits. 
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CHAPTER 6 (CMHA) 
ACQUISITION RECEIVER-TRANSMITTER 8515397 OR 9156628 


64 (U). General 


64.1 (CMHA). Magnetron and Associated 


a. Acquisition Receiver-Transmitter 8515397. 
The acquisition receiver-transmitter 8515397 
consists of the magnetron and its associated 
circuits, frequency and power meter 8173652, 
acquisition duplexer 8512993, noise generator 
8520785, magnetic circuit 8516184, acquisition 
preselector 7621790, receiver frequency-con- 
verter 7621829, acquisition local oscillator 
7599343, acquisition IF preamplifier 7620695, 
AFC frequency-converter 7621880, acquisition 
AFC 9143030, low-power servo amplifier 
7614253, AFC motor generator 7605334, acqui- 
sition RF power supply control 8158120 or 
9000009, and miscellaneous cabinet-mounted 
components of the acquisition receiver-trans- 
mitter. Detailed theory of the units listed 
above is found in paragraphs 64.1 and in 65 
through 78. For functional theory, refer to TM 
9-1430-250-20/1. 

b. Acquisition Receiver-Transmitter 9156628. 
The acquisition receiver-transmitter 9156628 is 
recoded from acquisition receiver-transmitter 
8515397 when DA MWO 9-1400-268-50 is in- 
stalled to add antijam display (AJD) capabili- 
ties to the Nike-Hercules system. New units 
which are added or recoded by this change are 
the acquisition RF power supply control 
9156017, receiver-transmitter subassembly 
9156632, auxiliary frequency converter 
9990516, main frequency converter 9989320, 
acquisition AFC 9156541, auxiliary IF ampli- 
fier 9156573, IF amplifier 9156675, two acqui- 
sition preselector cavities 9990523 and 9990524, 
and miscellaneous cabinet-mounted compo- 
nents. Detailed theory of the units listed above 
is found in paragraphs 78.1 through 78.8. 
For functional theory, refer to TM 9-1430- 
250-20/1. 


Circuits 

a. General. The acquisition magnetron gen- 
erates 1.3-microsecond pulses of RF energy 
which are fed through a waveguide to the ac- 
quisition antenna for radiation. The magne- 
tron operates over a frequency range of 3,100 
to 3,500 megacycles. 

b. Detailed Theory. The acquisition magne- 
tron and associated circuits consist of magne- 
tron cathode fan B1 (fig. 55, TM 9-1430-257- 
20); magnetron anode fan B4; filament trans- 
former T2; magnetron cathode circuit, com- 
posed of pulse transformer T1 and associated 
circuit components ; magnetron; arc suppressor 
circuit; magnetron current metering circuit, 
composed of voltage regulator V8, impedance 
network Z1, and associated circuit components; 
and the magnetron tuning drive. 

(1) Magnetron cathode fan B1 and mag- 
netron anode fan B4, Magnetron cath- 
ode fan motor Bi and anode fan motor 
B4 are conventional three-phase in- 
duction motors which supply an air 
stream to cool the magnetron. They 
are placed in operation when MAIN 
POWER switch S4, ACQUISITION 
POWER switch S86, and AQC MO- 
TORS switch S5 on the acquisition 
power control panel of the director 
station group are activated. AIR 
FLOW switch S1 is mounted on B1 
and is closed when B1 is supplying a 
sufficient amount of cooling air. An 
identical type switch is mounted on 
B4. If S1 on B1 is open, power is re- 
moved from filament transformer T2. 
If 81 on B4 is open, high voltage can- 
not be applied to the magnetron be- 
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cause the 15-minute delay timer lo- 
eated in the director station group 
will not be energized. 


(2) Filament transformer T2. 


(a) The 120-volt supply to T2 enters at 
connector J2-2 and is applied to ter- 
minal 1 of the primary of T2 
through the normally closed con- 
tacts of hot box interlock switch $2, 
$1 of B1, and inductor L1 (fig. 58). 
Terminal 2 of T2 is returned di- 
rectly to the 400-cycle neutral line. 
Switch 82 is located in the magne- 
tron hot box and is closed by the hot 
box cover. The high series imped- 
ance of Lil isolates the 400-cps 
power supply from the high-fre- 
quency transient voltages initiated 
in the secondary of T2. 

(b) From the junction of $1 and L1, the 
120 volts ig also applied through the 
normally closed contacts of AIR 
FLOW switch 81 of B4 as ener- 
gizing voltage for start relay K1 in 
the 15-minute delay timer on the ac- 
quisition 5-minute delay timer. Re- 
lay K1 controls the application of 
high voltage to the acquisition mod- 
ulator. Since the 120 volts is ap- 
plied to K1 only when $1 of B4 is 
closed, the application of the high 
voltage is interlocked with the nor- 
mal operation of 81 of B4. 


(3) Magnetron-cathode circuit. 


(a) The 120 volts from the primary of 
T2 is coupled to the secondary of 
T2, which is connected through bi- 
filar secondary windings 3-4 and 
5-6 of pulse transformer T1 to the 
directly heated cathode of the mag- 
netron. The use of bifilar windings 
places terminals 3 and 5 of T1 at 
the same pulse potential, Since the 
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(b) 


secondary of T2 is connected be- 
tween these points, no difference of 
pulse potential exists across T2. 
Consequently, high-voltage insula- 
tion is not required for TZ to pre- 
vent arcing, as would be the case if 
a single secondary winding were 
used in Tl. The primary purpose 
of T1 is to step-up the high-voltage 
puise for application to the magne- 
tron. Capacitor C6, connected across 
the secondary of T1, and capacitors 
C8 and C9, connected across the 
secondary of Tl and T2, keep each 
end of Tl at the same potential to 
prevent burning out the filaments 
of the magnetron. Winding 7-8 of 
Tl is a single turn loop which is 
shunted by the low resistance of 
parallel resistors R39 and R40. 
This network acts as a low resist- 
ance across the tuned circuit com- 
posed of the secondary of T1 and 
the distributed capacitance of the 
magnetron cathode circuit, and sup- 
presses oscillations within T1 at the 
trailing edge of the modulator pulse. 
Oscillation of T1 could cause addi- 
tional firing of the magnetron and 
would show up as objectionable 
range rings at the beginning of the 
PPI sweep. 


The normal current path for the 
magnetron is from the cathode to 
anode ground, resistor R36, and 
then through capacitors C2 and C7 
where it divides between the bifilar 
windings of T1 back to the cathode 
of the magnetron. The capacitance 
of C2 and C7? presents zero react- 
ance to the pulse current, A greatly 
attenuated pulse is developed across 
R36 and fed through connector J7 
to the acquisition AFC. 
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When there is an open circuit in the 
magnetron cathode circuit, the 
successive modulator high-voltage 
pulses quickly build up a large volt- 
age across the bifilar secondary of 
Tl. Spark gap capaciter C8 is con- 
nected across the secondary of T1 
and shorts this voltage to ground, 
thus protecting the secondary wind- 
ing of T1 from high-voltage arc- 
over, 


(4) Magnetron. 


(a) 


(b) 


The magnetron is essentially a 
diode, with the cylindrical plate 
mounted concentric with the cath- 
ode. The plate, or anode, is split into 
a number of segments. These seg- 
ments have apertures which are 
points of excitation for resonant 
cavities contained within the anode 
structure. A permanent magnet, 
which is part of the magnetron, pro- 
duces a strong magnetic field per- 
pendicular to the path of electrons 
from cathode to plate, 

Normally, there is no electron flow 
between cathode and anode because 
both electrodes are at ground po- 
tential. When the 40-kilovolt, 1.3- 
microsecond pulse is applied to the 
cathode of the magnetron, a strong 
electric field is set up between cath- 
ode and anode. Electrons are emit- 
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ted at a high velocity in this field to- 
ward the anode, but are bent in a 
spiral path by the magnetic field of 
the permanent magnet. As the elec- 
trons pass the cavity apertures, the 
cavities are excited and oscillate at 
the resonant frequency of the cavi- 
ties. A probe is mounted in the cavi- 
ties at a point for maximum trans- 
fer of energy, and couples the RF 
energy to the acquisition duplexer. 
The maximum peak power produced 
by the magnetron is 1 megawatt. 


{5) Are suppressor circuit. 


(a) 


(b) 


The are suppressor circuit consists 
of arc suppressor relay K5, capaci- 
tors Cl and C14, and an insulated 
arc suppressor wire which is con- 
nected in the acquisition duplexer 
across the flared output coupling of 
the magnetron. The are suppressor 
wire is open circuited. Each end of 
the open circuited wire is connected 
across C1. 


When transmitter operation is nor- 
mal, C1 (which is smaller than C14) 
charges quickly. Since current 
ceases to flow when C1 is charged, 
only a small charge is accumulated 
in C14. The voltage drop across 
C14 is not sufficient to energize 
K5, and transmitter sync pulses 
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are allowed to pass through normally 
closed contacts 5 and 6 of K5 to the 
acquisition trigger amplifier. 

(ec) When there is excessive arcing in the 
acquisition duplexer, the open circuit 
of the are suppressor wire becomes 
shorted and represents a closed switch. 
This removes Cl from the circuit, and 
C4 is allowed to charge. At some 
point, the voltage across C14 is suffi- 
cient to energize K5. Thus contacts 5 
and 6 open, removing transmitter sync 
pulses from the acquisition trigger am- 
plifier and deactivating the transmitter 
system. With no trigger pulse, the 
magnetron is not fired, and arcing 
ceases in the acquisition duplexer. The 
arc suppressor wire again represents an 
open circuit, allowing C14 to discharge 
through the resistance of K5. At some 
point, the voltage across C14 drops to 
the point where K5 deenergizes. Trig- 
ger pulses again pass through contacts 
5 and 6 of K5 to the acquisition trigger 
amplifier, reactivating the transmitter 
system. If the arcing is of a transient 
nature, normal transmitter system op- 
eration is resumed. However, if the 
arcing continues, the energizing-deen- 
ergizing cycle of K5 is repeated until 
de power is manually removed from 
the transmitter system, 


(6) Magnetron current metering circuit. 


The magnetron current metering circuit 
is connected in parallel with C2, C7, and 
R35. It consists of impedance network 
Zi, voltage regulator V8, and resistor 
R34, Resistor R34 is located in the ac- 
quisition RF power supply control. Re- 
sistor R34 is in parallel with the magne- 
tron current metering circuits in the 
acquisition RF power supply control and 
the acquisition control-indicator. Inped- 
ance network Z1 acts as a filter and pro- 
vides an average voltage indicative of the 
magnetron current to R34. Magnetron 
current should be set to 30 milliamperes 
by MAGNETRON HY supply knob Ti, 


located on the acquisition control-indi- 
eator. If the normal ground path of C2, 
C7, and R36 opens, no current flows 
through the magnetron. Consequently, 
the negative 40-kilovolt trigger pulse po- 
tential at terminals 4 and 6 of T1 would 
be present instantaneously at all points 
of the magnetron cathode circuit. Since 
this potential would be present at the 
plate of V8, the inverse voltage would be 
sufficient to ionize V8. The instantaneous 
ionizing of V8 insures a low shunt re- 
sistance across the metering circuits. 
This provides adequate protection to the 
Inctering circuits, regardless of any addi- 
tional current paths in these circuits. 


(7) Magnetron tuning drive. 
(a) The magnetron tuning drive permits 


the magnetron frequency to be varied. 
from 3,100 to 3,500 megacycles. It 
consists of split-phase magnetron tun- 
ing drive motor B2, and an associated 
gear and shaft mechanism which is con- 
nected to tuning slugs within the reso- 
nant cavities of the magnetron. When 
the tuning slugs are inserted into the 
cavity, the size of the cavity is reduced 
and the frequency is increased. Con- 
versely, when the tuning slugs are re- 
tracted from the cavities, the size of the 
cavities is increased and the frequency 
is decreased. 


(4) Motor B2 can be controlled by either 


MAG FREQ switch S2 on the acquisi- 
tion RF power supply control, MAG 
FREQ switch $3 on the frequency and. 
power meter, or MAG FREQ & REC 
NOISE switch S9 on the acquisition 
control-indicator. These switches have 
two manual positions, and are spring- 
loaded to center position. The RAISE 
and LOWER positions are intercon- 
nected so that. no two switches can con- 
trol B2 at the same time. The opera- 
tion of all three switches is similar to 
S2, If S2 is held in the RAISE posi- 
tion, one winding of B2 is returned 
through connector P11-3 and contacts 
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4 and 5 of S2 to 120 volts, phase A. 
The second winding is returned 
through connector P11-3 and the par- 
allel path of phase-shift capacitors 
C3A and C4, contacts 2 and 1 of S2, to 
120 volts, phase A. The third winding 
is permanently connected to the 120- 
volt neutral line at connector P11-5. 
The phase shift across C3A and C4 
places the 120 volts across the first and 
second windings in quadrature with 
the 120 volts across the first and third 
windings. The quadrature voltages 
produce a rotating magnetic field, 
which causes B2 to rotate in a direction 
so as to increase magnetron frequency. 
If 82 is held in the LOWER position, 
the first winding is returned through 
P11-3 and contacts 8 and 9 of S2to 120 
volts, phase A. The second winding 
is returned through P11-1, C3A and 
C4, and contacts 2, 3, 11, and 12 of S2 
to the 120-volt neutral line. The 
phase-shift through C34 and C4 places 
the 120 valts across the first and second 
windings in quadrature with the 120 
volts aeress the first and third wind- 
ings. A rotating: magnetic field is set 
up which causes B2 to rotate in a direc- 
tion so as to lower the frequency. 
Frequency measure variable resistor 
R1 is part of a voltage divider com- 
posed of resistors R3 and Rl connected 
between —250 volts and ground. The 
brush arm of R1 is geared to the tuning 
drive mechanism of B2. Since the po- 
sition of the brush arm of R1 is de- 
termined by the position of the tuning 
drive mechanism, the voltage at the 
brush arm is indicative of the mag- 
netron frequency. This voltage is fed 
through connector P11-10 and NOISE 
GEN switch S19 to MAG FREQ & 
REC NOISE meter M2. Both $19 and 
M2 are located on the acquisition con- 
trol-indicator. 


65. Frequency and Power Meter 8173652 


a General, 
is a unit. of built-in test equipment which is used 
to measure the frequency and power output of the 
acquisition transmitter. 

b, Detailed Theory. 

(1) General. 


The frequency and power meter 


Transmitter frequency and 
power output are monitored on meter M1 
(fig. 59, TM 9-1430-257-20). The use of 
M1 is determined by TEST switch $2. 
This switch has two positions, BAL and 
MEAS. Although $2 isa 6-pole double- 
throw switch, it can be considered as a 
3-pole double-throw switch since the 
lower three poles are in parallel with the 
upper three poles. It is so represented 
in figures 59 and 60, which are simplified 
schematics of those frequency and power 
meter circuit components used in con- 
junction with $2 and M1 for meter bal- 
ancing and measurements. 


(2) TEST switch S9—BAL position. 
(a) With TEST switch S2 in the BAL 


position, meter Mi is connected across 
a conventional bridge circuit and the 
bridge potentials adjusted for a zero 
reading on M1. The circuit arrange- 
ment is shown in figure 59. Note that 
+150 volts is applied across a series 
voltage divider consisting of resistors 
R12, R11, and R8. Approximately 
1/20 or +7 volts is dropped across R8. 
The +7 volts is also applied across the 
parallel cireuit of BALANCE--FINE 
variable resistor R7, BALANCE— 
COARSE variable resistor R6, sensi- 
tivity variable resistor R4 shunted by 
resistor R5, and the bridge circuit. 


{b) The bridge circuit. arrangement is as 


follows: from point 1 through resistor 
R9 to point 2, and then through S2 
contacts 2-3 and 11-12 and thermistor 
RT1 to point 3; also from point 1 
through resistor R2 to point 4, and 
through resistor R3 to point 8. Meter 
M1 is connected across the bridge from 
points 2 to 4 as follows: from point 2 


(e) 


CONFIDENTIAL ........ 


through resistor R1 shunted by GALV 
SENS switch S1, contacts 6-5 and 
15-14 of S2, M1, contacts 8-9 and 17-18 
of S2 to point 4. 

Meter M1 is balanced when the resist- 
ance of R2 and R3 are equal to that of 
R9 and RT1. At this time, no current 
flows through M1, since the voltage 
potentials at points 2 and 4 are equal. 
Ralancing is accomplished by varying 
R6 and/or R7 to adjust the voltage 
potential applied between points 1 and 
3 so that the current through RT1 pro- 


BALANCE 
POWER ————. 

is FINE COARSE 
OW 


duces a resistance of 100 ohms. Ther- 
mistor RT1 has a negative temperature 
coefficient; therefore its resistance is 
inversely proportional to the current 
through it. Switch $1 is provided so 
that R1 can be bypassed in order to 
obtain a more accurate zero adjust- 
ment. At all other times, R1 serves as 
a current-limiting resistor in series 
with M1. 


(3) TEST switch S9—MEAS position. 
(a) Calibration, With S2 in the MEAS 


position (fig. 60), resistors R12, R11, 
NOTE: 


ALL VALUES ARE EXPRESSED 
IN. OHMS: 


GALY SENS 
8} 


iD 468562 


Figure 59. (U) Frequency and power meter—test switch 82 in BAL position—simplified schematic diagram. 
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and R8 are again connected in a volt- 
age divider across +150 volts, pro- 
ducing +7 volts across R8. However, 
the +7 volts is now applied across a 
series-paralle] circuit consisting of R7 
and R6; a shunt divider consisting of 
R4, R5, and M1; and a series parallel 
divider consisting of R2 and R38 
shunted by R9 and R10. - Resistors RY 
and R10 are connected by contacts 1-2 
and 10-11 of 82. Meter M1 is con- 
nected across R4 and Ré by contacts 
4-5 and 13-14 at point 1 and contacts 
7-8 and 16-17 at point 2. Sensitivity 
variable resistor R4 is used during 
calibration of M1 and is adjusted for a 
maximum reading of 22.5 milliamperes. 
A standard level signal is used during 
this calibration, and Ré is locked after 
the desired reading is obtained. Since 
M1 is connected across a voltage po- 
tential, there is a normal current 
through it with no signal applied. 
This current causes a deflection on M1 
whenever S2 is placed in the MEAS 
position. 


(6) Power measurements. 


1, Prior to measuring transmitter power, 
S2 is placed in the BAL position. (fig. 
59) and resistors R7 and/or R6 are 
adjusted for a zero reading on M1. 
Switch S2 is then placed in the 
MEAS position (fig. 60), and the 
quiescent current reading on M1 is 
recorded. 

2. With S2 in the BAL position, the 
transmitter output is applied at 
MEAS. PWR. connector J5 to RT1 
(fig. 59, TM 9-1430-257-20). With 
the RF power affecting the resistance 
of RTI, M1 is zeroed by using R7 
and/or R6. Switch S2 is then 
placed in the MEAS position and the 
new quiescent current reading on M1 
is compared with the value recorded 
in Z above. The difference in read- 
ing is indicative of the transmitter 
power. 


(¢) Frequency measurements. The trans- 


mitter output enters at FREQ 
METER-IN connector J2 and is ap- 
plied to tunable cavity Z1, which acts 
as a series-tuned cireuit. The output 
energy from Z1 is probe-coupled to 
FREQ METER-OUT connector J6 
and then passed through a connecting 
coaxial cable to J5. From J5, the 
energy is applied to RT1. The tem- 
perature rise caused by the RF energy 
decreases the resistance of RT1. With 
$2 in the BAL position, the bridge un- 
balance produced by the change in re- 
sistance of RT1 is indicated by a meter 
deflection. As the cavity is tuned 
throughout its frequency range using 
the MEAS FREQ knob, the indication 
of M1 rises sharply when the cavity is 
tuned to the transmitter frequency. 
The rise occurs because the cavity is at 
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Figure 60. (U) Frequency and power meter—teat switch 
S82 in MEAS position—simptified schematic diagram. 
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series resonance, and its impedance is 
minimum. At this point, maximum 
energy is coupled to RT1, producing a 
maximum unbalance in the bridge cir- 
cuit. Peaking is accomplished by ac- 
tivating Sl, and readjusting Z1 for a 
maximum meter indication. 
(4) Demodulator cireuit Z2. Demodulator 
circuit Z2 provides a means for analyzing 
the transmitter pulse which enters at 
CRYSTAL IN connector J3 and is ap- 
plied directly to Z2. Demodulator cir- 
cuit Z2 contains erystal detector CR1 
which detects the RF pulse and passes the 
video envelope to VIDEO connector J4. 
A capacitor is connected across CR1 to 
bypass any RF energy from the output 
line. 
MAG FREQ switch 83. MAG FREQ 
switch $3 is a double-throw (RAISE- 
LOWER) 4#pole switch. Its contacts 
are normally in the position shown in 
figure 59, TM 9-1430-257-20. MAG 
FREQ switch $3, MAG FREQ & REC 
NOISE switch 89 located on the acqui- 
sition control-indicator, or MAG FREQ 
switch S2 located on the acquisition RF 
power supply control can be operated to 
vary the magnetron frequency. When 
any of these switches is operated, control 
voltages are applied to magnetron tun- 
ing drive motor B2 located in the aequi- 
sition receiver-transmitter. 


66. Acquisition Duplexer 8512993 

a. General, The acquisition duplexer is an 
electronic waveguide switch which enables a single 
antenna to be used for transmission and recep- 
tion. When the magnetron fires, the acquisition 
duplexer matches the transmitter to the antenna 
and protects the receiver system from the injuri- 
ous effects of the high-voltage RF pulse. Be 
tween transmitter pulses, the acquisition duplexer 
channels the low-level RF return pulses to the 
receiver system and prevents dissipation of this 
energy in the transmitter system. It also con- 
tains a pickup probe for transfer of attenuated 
transmitter RF energy to the AFC system and a 


s 


directional coupler which is used in measuring 
transmitter power and frequency. 
b. Detailed Theory. 

(1) The acquisition duplexer (fig. 61) con- 
sists of a, Y-shaped section of waveguide 
to which are mounted a transmit-receive 
(TR) tube, two antitransmit-receive 
(ATR) tubes, a directional coupler, and 
an AFC coupling probe. Energy is 
coupled to the TR and ATR tubes 
through rectangular waveguide windows 
and to the directional coupler through 
three circular irises. 

(2) The TR tube forms an H-plane parallel 
junction with the main waveguide. It 
contains three spark gap electrodes, each 
separated by a quarter wavelength. 
Spark gap SG 1 (A, fig. 62) is one wave- 
jJength from the center of the waveguide. 
A keep-alive potential of —800 volts is 
applied through a keep-alive probe to the 
center of the TR tube to insure quick 
ionization of the gas within the tube. 
The ATR tubes (fig. 61) form an E-june- 
tion series with the main waveguide. 
They are electrically one-quarter wave- 
length in depth, thus normally reflecting 
a high series impedance to the window 
E-junction with the main waveguide. 
The window of ATR 1 (A, fig. 62) isone- 
quarter wavelength from the Y-junction 
at the lower portion of the magnetron 
frequency band, and the window of ATR 
2 is one-quarter wavelength from the Y- 
junction at the upper portion of the fre- 
quency band. Their combined effect 
over the magnetron operating frequency 
range is equivalent to one ATR tube at 
one-quarter wavelength from the Y-junc- 
tion. 

(4) When the magnetron fires, the 1- 
megawatt pulse of RF energy travels 
down the duplexer toward the Y-junction 
(B, fig. 62). A high voltage is impressed 
across the high impedance of the ATR 
tube windows, and this potential ionizes 
the gas at the tube windows. Instantane- 
ous ionization of the entire ATR tubes 
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Figure 61. (WU) Aoquisition duplezer. 


follows, causing the impedance at the 
ATR tube windows to drop sharply, As 
a result, the waveguide section from the 
magnetron to the Y-junction appears to 
the RF energy as a continuous section of 
waveguide. When the RF wave reaches 
the Y-junction, it sees a parallel path 
through the TR tube windows to the re- 
ceiver and to the antenna. Since the 
three spark gaps within the TR tube are 
spaced one-quarter wavelength apart 
and 8G 1 is a full wavelength from the 
center of the waveguide, one of the spark 
gaps will be at a high impedance point. 
Thus, a large RF voltage potential ap- 
pearing across this spark gap ionizes the 
gas between the spark gap electrodes. 
The adjacent spark gaps also break down 


(5) 


since they are at a high impedance point 
one-quarter wavelength from the shorted 
spark gap. Three spark gaps are used 
to insure instantaneous ionization of the 
TR tube, thus preventing a large voltage 
spike from passing into the receiver fre- 
quency-converter and burning out the 
crystal mixer. Ionization of the entire 
TR tube follows, presenting a shorted 
wall at the TR tube window facing the 
Y-junction. This causes the waveguide 
to appear continuous to the RF energy 
as the energy travels toward the antenna. 
The low-level return RF signals are 
channeled down the antenna waveguide 
to the Y-junction (C, fig. 62). At the 
Y-junction, the RF signals see a parallel 
path to the transmitter and to the re- 
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ceiver. Since the ATR tubes normally 
present, a high-series impedance one- 
quarter wavelength from the Y-junction 
over the operating range of magnetron 
frequency, this high impedance is re- 
flected as a short at the Y-junction facing 
the transmitter system. This short causes 
the Y-junction leading to the transmitter 
to appear as a continuous wall. This 
isolates the transmitter from the wave- 
guide and prevents any dissipation of 
energy across the transmitter impedance. 
In the receiver branch of the Y-junction, 
the amplitude of the received RF signal 
is insufficient to fire the spark gaps within 
the TR tube; the RF signal passes 
through the TR tube coupling windows 
to the receiver system. 

A 3-iris directional coupler (fig. 63) is 
used in the acquisition duplexer. In the 
8-iris directional coupler, irises 1 and 3 
are of equal size, but are one-half the size 
of iris 2. Therefore, the RF energy 
coupled through iris 2 is equal to the sum 


TERMINATING 
POST 


of the RF energy coupled through irises 
1 and 3. The irises are spaced one-quar- 
ter wavelength apart. A terminating 
post is mounted opposite iris 1, and a 
pickup probe post is mounted opposite 
iris 3. Each post is one-quarter wave- 
length from the main waveguide wall. 
When the directional coupler is used for 
transmitter power and/or frequency 
measurements, a coaxial cable is con- 
nected from the pickup probe post to the 
frequency and power meter located in the 
acquisition receiver-transmitter. 

(a) The RF energy traveling in the main 
waveguide (fig. 63) from the magne- 
tron to the antenna. is coupled into the 
directional coupler through the three 
irises (points A, B, and C). The RF 
energy entering the directional coupler 
at point A travels one-quarter wave- 
length from point A to the terminating 
post (point D). The RF energy en- 
tering the directional coupler at point 
B travels one-quarter wavelength from 
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Figure 63. (U) Acquisition directional coupler—electricat characteristics and operation. 
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67. Noise Generator 8520785 


point B to point E. At point E, the 

RF energy divides, with one-half the 

RF energy traveling one-quarter 

wavelength to point D and one-half the 

RF energy traveling one-quarter wave- 

length to the pickup probe (point F). 

Using point A as the time reference 

point, one-half the RF energy entering 

at point B travels the distance ABED, 

which is equal to three-quarters of a 

wavelength. The RF energy traveling 

the distance ABED arrives at point D 

one-half wavelength after the RF en- 

ergy traveling the distance AD. Since 
the RF energy traveling the paths AD 
and ABED is equal in magnitude but 

180 degrees out of phase, the summation 

of the RF energy at point D is zero. 

The RF energy entering the directional 

coupler at point C travels one-quarter 

wavelength from point C to point F. 

One-half the RF energy entering at 

point B travels the distance ABEF, 

which is equal to three-quarters of a 

wavelength. The energy entering at 

point C travels the distance ABCF, 
which is also equal to three-quarters of 

a wavelength. The RF energy travel- 

ing the distance ABEF arrives at point 

F at the same time as the RF energy 

traveling the distance ABCF. Since 

the RF energy traveling the paths 

ABEF and ABCF is equal in magni- 

tude and in phase, the summation of 

the RF energy at point F equals twice 
the RF energy entering the directional 

coupler at point C. 

(7) The AFC coupling probe is mounted in 
the section of the duplexer waveguide 
between the TR tube and directional 
coupler (fig.61). The probe is U-shaped 
and forms the center conductor of the 
coaxial cable at connector J10 (fig. 55, 
TM 9-1430-257-20). A greatly atten- 
uated RF pulse is coupled from the probe 
to the AFC system for monitoring the 
magnetron frequency. 
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a. General. 


The noise generator (AQ, fig. 55, 


TM 9-1430-257-20) is a unit of built-in test equip- 
ment which is activated only during receiver sys- 
tem performance testing. It generates a contin- 
uous-wave noise voltage, the level of which is 
approximately 15 db. This voltage passes through 
the normal receiver system channel to monitoring 
circuitry, where the receiver system performance 
figure is derived by determining the ratio of nor- 
mal receiver noise to generated noise. 
b. Detailed Theory. 
(1) The noise generator (fig. 64) consists of 


(2 


argon gas tubes V7-1 through Vi-4, 
which are mounted within a cavity sec- 
tion of the receiver system waveguide. 
These tubes are mounted in the H-plane 
of the waveguide and resemble miniature 
fluorescent tubes. Tubes V7-1 through 
V7-4 are connected in series across the 
center-tapped secondary of transformer 
T3. Tube V7-1 is returned to terminal 
6 of T3 through terminal boards TB6-2 
and TB2-8. Tube V7-4 is returned to 
terminal 5 of T3 through terminal boards 
TB6-3 and TB2-7, Terminal 4 of T3 is 
returned to the acquisition RF power 
supply control through terminal board 
TB2-1. The 120 volts ac is applied to 
TB2-1 if NOISE GEN—EXC switch 
S1 on the acquisition RF power supply 
control is depressed, or NOISE GEN 
switch S19 on the acquisition control- 
indicator is placed in the ADJ position. 
Terminal 1 of T3 is connected directly to 
the 120-volt neutral line through terminal 
board TB2-6. 

Capacitors C4 and C5 are connected 
across the primary of T3 and provide 
power factor correction. The voltage 
across terminals 2 and 1 in the primary 
of T3 is also applied through terminal 
board TB2-4 as excitation for NOISE 
GEN—GEN ON indicator light I2 on 
the acquisition RF power supply control 
and NOISE GEN-ON indicator light 
17 on the acquisition control-indicator. 
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Figure 64. (U) Noise generator and power control cireuttry—stmplified schematic diagram. 


The turns ratio of T3 steps up the 120 
volts in the primary to 2,500 volts in the 
secondary, and 625 volts is applied across 
each tube. By center tapping the sec- 
ondary of T3 to ground, insulation 
requirements are considerably reduced. 

When the noise generator is activated, 
625 volis ac from T3 is applied across 
each tube. This potential insures opti- 
mum operation of V7, a tube type 6782. 


A tube type 6782 is a particularly stable 
fas tube, and the noise level of each tube 
is practically the same. This provides a 
constant reference level for successive 
measurements, thus insuring that any 
change in the receiver performance figure 
is due to deterioration of the receiver 
system. Generators V7-1 through Vi-4 
eonduet on both halves of the ae cycle 
since the electrodes are not polarity sensi~ 
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tive. Consequently, the noise level is 
constant for as long as the noise generator 
is energized. Four tubes are required to 
generate the desired noise level of 15 db. 
The continuous wave noise voltage is gen- 
erated by the random clashing of ions 
during the ionization and deionization of 
the argon gas. This noise voltage is 
radiated into the noise generator cavity 
and is coupled from the cavity by a 
U-shaped probe at connector J84. From 
here, the noise voltage passes through a 
coaxial cable to the magnetic circuit. 
An amplified noise voltage from the mag- 
netic cireuit is further amplified in the 
rest of the receiver system. The noise 
generator level is monitored on the acqui- 
sition RF power supply control (fig. 58, 
TM 9-1430-257-20) on TEST 2 meter 
M4 in REC NOISE TEST—F.S. 100 
position 11 of TEST switch S7; or on 
the acquisition control-indicator (fig. 21, 
TM 9-1430-257-20) on MAG FREQ & 
REC NOISE meter M2 in the ADJ 
position of NOISE GEN switch S19. 


68. Magnetic Circuit 8516184 

a. General. The magnetic circuit is the first 
stage of the acquisition receiver. It provides a 
voltage gain of approximately 20 db to the RF 
wave received by the acquisition antenna. 

b. Detailed Theory. 

(1) Physical deseription, The magnetic cir- 
euit (fig. 55, TM 9-1430-257-20) is com- 
posed of traveling wave tube V6, which is 
mounted within a permanent magnet. 
Tube V6 is a medium gain, low noise, RF 
amplifier particularly suitable for ampli- 
fying radio frequencies of 1,000 mega- 
cycles and above. The main components 
of V6 (fig. 65) are the electron gun, helix, 
and collector. The electron gun is com- 
posed of the cathode, beam-forming elec- 
trode, and three accelerator anodes. Mi- 
crometer screws suport the electron gun 
housing (fig. 66) and enable the elec- 
tron beam to be positioned horizontally 
and/or vertically over a small arc. Input 
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transducer J1 and output transducer J2 
are magnetically coupled to the helix 
for applying the RF wave to V6 and 
obtaining the amplified RF wave from 
V6, respectively. 


(2) Girewit operation. 


(a) Electrons are emitted in a wide beam 
by the cathode of V6 (fig. 65). The 
electron beam is slightly decelerated 
and shaped into a narrow beam by the 
variable negative potential on the 
beam-forming electrode. The electron 
beam is accelerated toward the collec- 
tor by the relative positive potentials 
at the three accelerator anodes, the 
helix, and the collector. 

(6) The permanent magnet, which encloses 

the helix, produces an axial magnetic 

field around the helix that compresses 
the electron beam. 

The helix is a long, loosely-wound coil. 

Since the coil inductance is shunted by 

stray coil capacitance, the helix can be 

considered a transmission line. The 

RF wave from the acquisition antenna 

is coupled to the helix through input 

transducer J1 (fig. 66) and propagated 
along the azis of the helix. As the RF 
wave travels along the axis of the helix, 
it induces an electric field at the center 
of the helix, which is along the path of 
the electron beam. This axial electric 
field alternates in intensity and polar- 
ity at the frequency of the RF wave. 
Although the RF wave travels along 
the axis of the helix at approximately 
the speed of light, the axial electric 
field travels slower than the RF wave 
by the ratio of the helix pitch to the 
helix circumference, There is an inter- 
action between the axial electric field 
and the electron beam, resulting in 
velocity modulation of the electron 
beam. The resultant helix wave taken 
from the magnetic circuit at J2 has an 
amplitude representing approximately 
20-db voltage gain relative to the RF 
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Fignire 85. (U) Traveling wave tube V6—cutaway view, 


wave applied to the magnetic circuit feedback from plate to grid in a conven- 

at J1. tional vacuum-tube amplifier, In order 

(3) Regenerative feedback, To achieve stable to prevent oscillations in V6, the forward 
amplification from V6, it is necessary to gain must be Jess than the backward loss. 
prevent reflected energy from J2 from To accomplish this, the ceramic rod sup- 
returning to Jl. These reflections, re- porting the helix at the input end of the 


sulting from an inherent impedance mis- 
match betwen J1 and J2, could cause 
oscillations within V6. These oscillations 
could be compared to positive voltage 


helix is sprayed with an aquadag coating. 
This coating absorbs RF wave reflections 
from the output end of the helix which) 
could initiate oscillations within V6. 
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Figure 66. (U) Magnetic cirenii—eutawey, 


(4) Operating voltages and magnetic circuit 


adjustments. All de potentials for the 
operation of V6 are obtained from the 
acquisition RF power supply controt (fig. 
67). Although the de output from the 
rectifier in the acquisition RF power 
supply control is — 800 volts with respect 
to ground, the potentials at the other elec- 
trodes of V6 are measured with respect 
to cathode potential as a reference. 
Since the beam-forming electrode (Gi) 
potential is the only one lower than cath- 
ode potential, the potentials at the other 
electrodes of V6 will be positive with re- 
spect to cathode potential. By taking 
potentials as positive with respect to the 
cathode potential, the potentials indi- 
cated on TEST 2 meter M4 will be a more 
realistic indication of the operation of 
v6, 
(a) The cathodeof V6 is connected through 
terminal board TB3-8 to a fixed poten- 
tial of —725 volts with respect to 
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ground and is taken as the reference 
potential. No provision is made for 
indicating cathode potential on M4. 
The beam-forming electrode (G1) is 
connected through TB3-4 to R. F. 
AMPLIFIER VOLTAGE CON- 
TROLS—G1 variable resistor R11. 
Variable resistor Ril varies the poten- 
tial at G1 from 0 to —75 volts; the 
potential at G1 is indicated on M4 with 
TEST 2 switch S7 at G1 VOLTS— 
F. S. 100V position 1. The potential 
applied to the beam-forming electrode 
is adjusted to form the electrons emit- 
ted from the cathode into a narrow 
beam. 

The micrometer screws on the electron 
gun housing (fig. 66) are adjusted un- 
til a zero current reading is obtained 
on R. F. AMPLIFIER HELIX CUR- 
RENT meter M2 (fig. 67). A. zero 
current reading on M2 indicates that 
no de current is being induced in the 
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Figure 67. (U) fraveling wave inbe V6 electrode potentials—schematic diagram. 
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helix by the electron beam. This means 
that the electron beam is exactly cen- 
tered on the axis of the helix. 


({d) Accelerator anode 1 (G2) is connected 


(Ff 


through TB3-5 to R. F. AMPLIFIER 
VOLTAGE CONTROLS—G2 varia- 
ble resistor R14. Variable resistor R14 
varies the potential at. G2 from 0 to 
+105 volts; the potential at G2 is in- 
dicated on M4 with S7 at G2 VOLTS— 
F, S. 100V position 2, Accelerator 
anode 1 provides initial acceleration to 
the electron beam. With the proper 
operating potential at the helix, R14 
and the micrometer screws are alter- 
nately adjusted until a maximum po- 
tential is applied to G2 without exceed- 
ing a current reading of 1 microam- 
pere on M2, or 0.5 milliampere on R. F. 
AMPLIFIER COLLECTOR C1UR- 
RENT meter M3. 

Accelerator anode 2 (G3) is connected 
through TB3-6 to R. F. AMPLIFIER 
VOLTAGE CONTROLS—G3 varia- 
ble resistor R13. Variable resistor R13 
varies the potential at G3 from 0 to 
+105 volts; the potential at G3 is in- 
dicated on meter M4 with S7 at G3 
VOLTS—F. 8. 100V position 3. Ac- 
celerator anode 2 provides additional 
acceleration to the electron beam in- 
itially accelerated by G2. With the 
proper operating potential at the helix, 
R13 is adjusted to obtain a minimum 
indication on M4 with S7 at REC 
NOISE TEST—F. S, 100 position 11. 
Accelerator anode 3 (G4) is connected 
through TB3-7 to R. F. AMPLIFIER 
VOLTAGE CONTROLS—G4 varia- 
ble resistor R16, Variable resistor Ri6 
varies the potential at G4 from +105 to 
+405 volts; the potential at G4 is in- 
dicated on M4 with $7 at G4 VOLTS— 
F. S. 1000V position 4. Accelerator 
anode 8 provides additional accelera- 
tion to the electron beam initially ac- 
celerated by G2 and G3. With the 


proper operating potential at the helix, 
R16 is adjusted to obtain a minimum 
indication on M4 with S87 at REC 
NOISE TEST—F. S. 100 position 11. 
The adjustment of the potentials ap- 
plied to G3 and G4 to obtain a mini- 
mum noise indication on M4 is impor- 
tant, since the noise generated in V6 
determines the signal-to-noise ratio of 
the acquisition receiver. 
(g) The helix is connected through TB3-8 
to R. F. AMPLIFIER VOLTAGE 
CONTROLS—HELIX variable resis- 
tor R18. Variable resistor R18 varies 
the potential at the helix from +405 to 
+621 volts; the potential at the helix 
is indicated on M4 with S7 at HEL 
VOLTS—F, §. 1000V_ position 5. 
Variable resistor R18 is adjusted to ob- 
tain a maximum indication on M4 with 
S7 in REC NOISE TEST—F. S. 100 
position 11, A maximum noise indica- 
tion on M4 indicates that the noise in 
V6 is at the highest point, meaning 
that the gain of V6 is maximum. 
The collector is connected through 
TB3-9 to R. F, AMPLIFIER VOLT- 
AGE CONTROLS—COLLECTOR 
variable resistor R19. Variable re- 
sistor R19 varies the potential at the 
collector from +513 to +729 volts; the 
potential at the collector is indicated on 
M4 with 87 at COLL VOLTS—F. S. 
1000V position 6. The collector is nor- 
mally operated at a maximum +729 
volts as indicated on M4, which is actu- 
ally zero potential with respect to 
ground. Since the collector is the most 
positive electrode in V6, the electron 
beam is attracted to V6 and returned 
through the acquisition RF power sup- 
ply control to the cathode of V6. 


69. Acquisition Preselector 7621790 

a. General. The acquisition preselector is a 
tunable, high-Q cavity. Its tuning controls are 
geared to the AFC motor-generator to insure that 
the preselector follows any changes in magnetron 
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frequency. The preselector passes the return RF 

pulses but greatly attenuates all signals whose 

frequency differs from the magnetron. frequency. 

This protects the receiver system from jamming 

signals, nearby radar interference signals, and the 

image frequency signal. 
b, Detailed Theory. 
(1) Preselector operation. 

(a) The preselector cavity (fig. 68) consists 

of two concentric cylinders, with the 
smaller cylinder forming the inner wall 
of the cavity, and the larger cylinder 
forming the outer wall of the cavity. 
The cavity is partially inserted into 
the receiver system waveguide. The 
received RF signals are coupled to the 
preselector cavity from the acquisition 
duplexer through the front coupling 
windows in the outer wall, 
The preselector cavity acts as a parallel 
resonant circuit. Since the impedance 
of a parallel circuit is high at resonance, 
a maximum amplitude output signal is 
devieoped at the magnetron frequency 
(fig. 69). Off resonance, the response 
of the cavity drops sharply ; therefore, 
it presents a low-shunting impedance 
to interference signals. The RF sig- 
nals are coupled from the preselector to 
the main receiver waveguide by the rear 
coupling windows (fig. 68) in the outer 
wall. 

(ce) The outer cavity wall is also pierced by 
two vertical slots, which are electrically 
90° apart for those frequencies other 
than the desired frequency to which the 
cavity can resonate. Polyiron damp- 
ing slugs are mounted in line with these 
slots against the waveguide wall and 
absorb the energy which would cause 
the preselector to resonate at an unde- 
sired frequency. 

(@) The RF signals from the acquisition 
duplexer also pass through the cross- 
sectional area of the waveguide not oc- 
cupied by the preselector cavity. This 
area is divided into two partitions by a 
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metal post. The post acts as a shunt 
inductor in the guide, producing a 
phase lag between the RF signals 
coupled through the partitions and the 
output RF signal from the preselector 
cavity. The output to the receiver fre- 
quency-converter is a resultant R¥ sig- 
nal produced by the addition of these 
out-of-phase signals from the parti- 
tions and the preselector cavity. At 
the image frequency, which is 120 
megacycles higher than the magnetron 
frequency, the addition of the out-of- 
phase signals results in complete can- 
cellation of output signal to the re- 
ceiver frequency-converter (fig. 69). 
The sharp dip in the preselector re- 
sponse curve at the image frequency 
represents a 45-db attenuation of out- 
put versus input signal amplitude; the 
attenuation is constant throughout the 
tuning range of the preselector cavity. 
(2) Preselector tuning. Tuning of the pre- 
selector cavity is effected by double-cup 
noncontact. tuning plungers (fig. 68) 
which are positioned by the tuning shaft. 
The tuning shaft is geared to the AFC 
motor-generator. The tuning plungers 
move in the space between the inner and 
outer walls of the cavity, changing the 
size of the cavity. Since the volume of 
the cavity is approximately proportional 
to the inductance of the tuned circuit 
formed by the cavity, reducing the size 
of the cavity increases its frequency and 
increasing the size of the cavity decreases 
its frequency. Spurious oscillations in 
the position of the cavity below the tun- 
ing plungers is prevented by a polyiron 
damping ring mounted on the tuning 
shaft. 


70. Receiver Frequency-Converter 7621829 

a. General. The receiver frequency-converter 
ig a resonant waveguide cavity which provides 
a means for mixing the continuous-wave local os- 
cillator signal with the return RF signals to gen- 
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Figure 69. (U} Preselector reaponse curves, 


erate a 60-megacycle IF signal. The,60-megacycle 
IF signal is sent to the acquisition i preampli- 


fier, 


b. Detailed Theory. 
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(1) Local oscillator signal injection. 


(@) A 10-milliwatt continuous-wave local 


oscillator signal is introduced into the 
receiver frequency-converter by a U- 
shaped oscillator coupling loop at con- 
nector J21 (fig. 70). This loop is a 
continuation of the center conductor of 
the coaxial cable from the acquisition 
local oscillator; the loop is electrically 
one-quarter wavelength to assure 
proper excitation of the cavity. The 
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Joop is properly matched to the receiver 
frequency-converter by a capacitive 
ring mounted concentric with the loop 
termination at J21. This ring also 
serves to mechanically center the con- 
ductor, The coupling loop is termi- 
nated by a powdered iron core, which 
attenuates the loca] oscillator signal to 
the 1-milliwatt level desired for proper 
mixing action. 

Some local oscillator energy is reflected 
from the mixer loop toward the an- 
tenna system. However, the highly 
selective preselector presents a low im- 
pedance to the local oscillator fre- 
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Figure 70. (U) Receiver frequency—converter. 


quency, thus shunting the oscillator 
signal to ground. This action prevents 
any local oscillator radiation from the 
antenna. 
BF signal injection. The return RF sig- 
nus are channeled through the receiver 
waveguide to the receiver frequency-con- 
verter, which is flange-mounted to the 
waveguide. The return RF signals are 
coupled from the waveguide to the re- 
ceiver frequency-converter by a capaci- 
tive-type window, which also provides 
proper impedance matching of the re- 
ceiver frequency-converter to the wave- 
guide, 
Signal conversion. A 1N28 crystal diode 
detector is mounted in the crystal holder 
within the receiver frequency-converter. 
The detector is properly matched to the 
cavity by the capacitance of the crystal 
holder and the inductance of the crystal. 
A U-shaped mixer loop is terminated at 
the erystal detector and forms the center 
conductor of the output IF coaxial cable 
at IF output connector J22. The mixer 
loop is mounted in a transverse position 
to assure maximum pickup of the loca] 
oscillator signals and the return RF sig- 
nals, Since the crystal detector is a non- 
linear device, the original, sum, and dif- 


ference frequency signals are produced 
across the mixer loop. These signals are 
superimposed on the de voltage level pro- 
duced by the rectification of these signals. 
A powdered iron core RF filter is mount- 
ed concentric with J22. It blocks the RF 
signals but passes the IF difference fre- 
quency signal to the acquisition IF pre- 
amplifier. 


(4) Acquisition preselector output check. 
(a) A spring-back tuning plunger is 


mounted on the side wall of the re- 
ceiver frequency-converter and is con- 
nected to a resistance card mounted 
within the cavity. The side of the 
card facing the cavity wall is coated 
with powdered iron. The card is 
tapered at the end facing the acquisi- 
tion preselector to assure a proper im- 
pedance match to the waveguide. Nor- 
mally, the tuning plunger positions the 
resistive side of the card flush with the 
side wall of the cavity, and the card 
does not absorb any energy from the 
receiver frequency-converter. 

The tuning plunger is depressed when 
it is desired to check the acquisition 
preselector for maximum output at the 
magnetron frequency throughout the. 
preselector tuning range. Depressing 
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the plunger inserts the resistive card 
into the cavity. Since the card is in 
line with the acquisition preselector, 
the card and the capacitive mixer loop 
are the load of the preselector. How- 
ever, the resistive card absorbs most 
of the energy from the acquisition pre- 
selector, making the load essentially a 
resistive load. A resistive load does 
not change when the acquisition pre- 
selector cavity is tuned, as would be the 
case if the preselector load were the 
capacitive mixer loop. With a con- 
stant load on the acquisition prese- 
lector, it can be checked for maximum 
output throughout its tuning range. 


71. Acquisition Local Oscillator 7599343 

a. General. The acquisition local oscillator 
(C10, fig. 55, TM 9-1430-257-20) generates a con- 
tinuous wave signal, the frequency of which can 
be varied from 3,160 to 3,560 megacycles. This 
signal is mixed with the magnetron output in the 
AFC frequency-converter and with the return RF 
signals in the receiver frequency-converter to gen- 
erate 60-megacycle IF signals for use in the ac- 
quisition receiver, 

b. Detailed Theory. 
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(1) Physical description. Local oscillator 


V5 is mounted upside down within a co- 
axial cavity (fig. 71). The first resona- 
tor grid makes contact with the outer 
wall of the cavity; the second resonator 
grid makes contact with the inner wall of 
of the cavity. The grids and the cavity 
form a tuned circuit which resonates at 
a frequency dependent on the size of the 
cavity. Cavity size is varied by sliding 
a noncontact-cup tuning plunger into the 
space between the inner and outer walls. 
Since the volume of the cavity is approxi- 
mately proportional to the inductance of 
the resonant circuit, reducing the size of 
the cavity increases the frequency; in- 
creasing the size of the cavity decreases 
the frequency. A polyiron damping 
ring is mounted on the tuning shaft, It 


@ 


dampens any spurious oscillations in the 
portion of the cavity below the shaft. 


(2) Operating voltages. 
(a) All de voltages required by the acquisi- 


tion local oscillator are obtained from 
the acquisition RF power supply con- 
trol. The cathode and control grid 
are returned to —325 volts (fig. 72), 
and the resonator grids are at de 
ground potential. The repeller plate 
voltage is obtained from the brush arm 
of repeller plate variable resistor R32. 
The voltage applied to R32 is controlled 
by LOCAL OSC CONTROLS— 
LEVEL variable resistor R21 and 
LOCAL OSC CONTROLS— 
SPREAD variable resistor R24 Jo- 
cated in the acquisition RF power sup- 
ply control. These variable resistors 
adjust the voltage impressed across 
R382 from —420 volts at terminal 1 to 
—570 volts at terminal 2. Thus, the 
voltage available to the repeller plate 
is —420 volts to —570 volts as deter- 
mined by the setting of R21 and R24. 
With the brush arm of R82 at terminal 
1 and —420 volts at terminal 1, the re- 
peller plate is still approximately 100 
volts negative with respect to the 
cathode. This makes the repeller plate 
the most negative electrode in the tube, 
which is 2 prerequisite for obtaining 
oscillations within V5, or any reflex 
klystron. 


(3) Céreuit operation. 
(a) Since the resonator grids are highly 


positive with respect to the cathode, 
electrons emitted by the cathode are 
accelerated to a high velocity. As the 
steady stream of electrons pass through 
the resonator grids, some electrons leak 
off into the cavity and initiate weak 
RF oscillations. The resultant alter- 
nating electric field modifies the veloc- 
ity of the electrons to cause bunching. 
The bunching action of electrons is ve- 
locity modulation. The intensity of 
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Figure 72. (U) Acquisition local osciNator—functional schematic diagram. 


the modulation of the electron stream 
is determined by the frequency of the 
RF oscillations in the cavity. The elec- 
tron, bunches return to the resonator 
grids at the same instant. 

If the repeller plate voltage is properly 
adjusted, the bunches of electrons are 
returned to the cavity when the electric 
field is positive. The positive electric 
field tends to repel and thereby deceler- 
ates the electron bunches returning 
from repeller plate to the cavity. 
When the electron bunches are deceler- 
ated, they give up energy to the elec- 
tric field of the cavity. The transfer 
of energy reinforces the oscillations, 
just as regenerative feedback rein- 
forces oscillations within a conven- 
tional vacuum tube. 

Oscillations within V5 can be sustained 
at several voltage settings of the repel- 
ler plate. Oscillations at these points 
are called modes of operation. One of 
these modes will yield optimum stabil- 
ity and power, This mode is selected 
during field adjustments by means of 
LOCAL OSC CONTROLS—LEVEL 
variable resistor R21 and LOCAL 


OSC CONTROLS—SPREAD vari- 
able resistor R24 (fig. 72). Variable 
resistor R21 is adjusted to obtain the 
desired modes, and then variable re- 
sistor R24 is adjusted to sustain oscil- 
lations throughout the frequency range 
from 3,160 to 3,560 megacycles. 


72. Acquisition IF Preamplifier 7620695 
a. General. 
(1) The acquisition IF preamplifier raises the 


(2 


level of the 60-megacycle IF signal. This 
amplification more than compensates for 
any deterioration of the signal-to-noise 
ratio in the 300-foot cable from the 
acquisition antenna-receiver-transmitter 
group to the director-computer group. 
The acquisition IF preamplifier also 
maintains a high signal-to-noise ratio in 
the acquisition receiver through low noise 
amplifiers, An overall band pass of 2.5 
megacycles insures accurate IF signal re- 
production, 


b. Detailed Theory. 
(1) Tuned IF amplifier V1. 
(a2) The input signal at connector Pt (fig. 


56, TM 9-1430-257-20) is a 60-mega- 
eycle IF signal superimposed on the de 
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(2) 
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level produced by the crystal detector 
current in the receiver frequency-con- 
verter. This signal is applied across a 
low pass filter composed of inductors 
L1 through L3 and capacitors C1 
through C3. The filter removes the 
60-megacycle component, but passes a 
de crystal current to connector P2-3 
and connector J9-3. The 60-mega- 
eycle IF signal is coupled through ca- 
pacitor C4 to the cathode of tuned IF 
amplifier V1, which is a grounded-grid 
triode. 

In the cathode circuit of V1, the IF 
signal is developed across inductor Z1, 
which resonates with the input circuit 
capacitances at 60 megacycles. In- 
ductor Z1 is factory-tuned to obtain an 
optimum signal-to-noise ratio. An 
amplified output IF signa] is developed 
across the primary of transformer T1, 
which resonates with the shunt circuit 
capacitances at 60 megacycles. Trans- 
former T1 is sharply peaked to the 
center IF of 6041.5 megacycles. Since 
the signal-to-noise ratio is high at the 
center frequency, a minimum of noise 
is applied to tuned IF amplifier V2. 
The control grid of V1 is grounded to 
provide a better signal-to-noise ratio 
and prevent oscillations. The plate 
voltage of V1 is dropped to a lower 
value than the +150 volts at connector 
J2-2 and connector P2-% by the paral- 
tel resistor network composed of re- 
sistors R18, R19, and R20. This 
insures that. tube noise does not receive 
sufficient amplification to override the 
IF signal, whose amplitude is in micro- 
volts, 

Tuned IF amplifier V2. The input cir- 
cuit of V2 is composed of the secondary 
winding of T1, input circuit capacitances, 
and capacitor C7. This network forms 
a series-tuned circuit, which is shunted 
by fixed inductor L4 to insure an opti- 
mum input impedance. An amplified 
output IF signal is developed across a 
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(3) 


tuned circuit composed of inductor L5 
and the shunt circuit capacitances. The 
Q, or figure of merit, of this tuned circuit 
is sufficiently lowered by resistor R4 to 
pass the desired band of frequencies. A 
grounded-grid amplifier is used as V2 for 
the reasons described in (1) above. 
Tuned LF amplifier V3. 


(a) The 60-megacycle TF signal from V2 is 


coupled through capacitor C9 to the 
grid of medium gain tuned IF ampli- 
fier V8. In the input of V3, the IF 
signal is developed across a tuned cir- 
cuit consisting of fixed inductor Z2 and 
the input circuit capacitances. In- 
ductor Z2 is factory-tuned to peak the 
signal to the center frequency. An 
amplified output IF signal is developed 
across a tuned circuit composed of the 
primary of double-tuned transformer 
T2 and output circuit capacitances. 


(8) Double-tuned transformer T2 provides 


(4) 


(5) 


a steep-sided response curve, through 
overcoupling of the primary and sec- 
ondary windings. These windings are 
factory-set for the desired response 
curve by physically positioning the 
windings, and cannot be readjusted in 
the field. The primary and secondary 
windings of T2 are loaded by resistors 
R7 and R8, respectively. These re- 
sistors lower the Q, or figure of merit, 
of the tuned circuits to pass the desired 
band of frequencies. 
Tuned IF amplifier V4. The 60-mega- 
cycle IF signal is developed across the 
secondary of T2 and the input circuit 
capacitances. An amplified output IF 
signal is developed across a tuned circuit 
composed of the primary of double-tuned 
transformer T3 and output circuit capac- 
itances, This tuned circuit is loaded by 
resistor R12 to obtain the desired band- 
pass. 
Tuned IF amplifier V5. The 60-mega- 
eyele IF signal is developed across the 
secondary of T3 and the input cireuit ca- 
pacitances, This tuned circuit is loaded 
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by resistor R18 to obtain the desired 
bandpass. An amplified output EF sig- 
nal is developed across a tuned circuit 
composed of the primary of trans- 
former T4 (secondary not used) and out- 
put circuit capacitances. This tuned 
circuit is loaded by resistor R21 to obtain 
the desired bandpass. The output signal 
is properly matched to. the 300-foot co- 
axial cable at connector J1 by. fixed ca- 
pacitors C31, C19, and factory-adjusted 
variable capacitor C20, 

IF preamplifier gain control circuit. 
The gain of V3, V4, and V5 is determined 
by RECEIVER-GAIN variable resistor 
R3, located on the acquisition control- 
indicator, which applies a variable dc 
level of from 0 to — 20 volts to the control 
grids from connector J2-1 and connector 
P21. Additional grid bias is provided 
for the first portion of the acquisition 
radar range by a negative 130-microsec- 
ond sensitivity time control (STC) gate, 
which is superimposed on the variable 
de level. 

Decoupling networks. Since continu- 
ous-wave oscillations in a cascaded ampli- 
fier can be caused by interstage coupling 
through the common impedances of 
power supplies, special care is taken to 
decouple all signal lines from power 
sources. In the plate circuits, the de- 
coupling capacitors and resistors are C6, 
Re, C8, R16, C22, Cl2, Ri, C15, R15, 
C18, R17, and C21. In the grid circuits, 
the decoupling capacitors and resistors 
are C10, R5, C13, R10, and C16. In the 
filament circuits, the decoupling capaci- 
tors and inductors are C23, L7, C24, C25, 
L8, C26, L6, L9, C27, L10, C28, Li, C29, 
L12, and C30. 


73. AFC Frequency-Converter 7621830 

General. The AFC frequency-converter 
mixes acquisition local oscillator signals with at- 
tenuated RF signals from the magnetron to pro- 
duce an AFC IF signal. This IF signal is sent 
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to the acquisition AFC for use in correcting IF 
deviations from 60 megacycles, 
b. Detailed Theory. 
(1) Local oscillator injection. A 10-milli- 


(2 


QB 
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watt continuous-wave local oscillator sig- 
na} is introduced into the AFC frequency- 
converter by a U-shaped directional 
coupling loop mounted at connector J20- 
(fig. 73). This loop forms the continua- 
tion of the center conductor of the conxial 
cable from the acquisition local oscillator. 
The loop is electrically one-quarter wave- 
length for proper signal injection. The 
loop is terminated by a powdered iron 
core, which is mounted concentric with 
the loop at the termination point. The 
powdered iron core attenuates the acqui- 
sition local oscillator signal to the 1-mil- 
liwatt level desired for proper signal 
mixing action. Impedance matching to 
the AFC frequency-converter is accom- 
plished by mounting a capacitive ring 
concentric with the coupling loop at J20. 
This ring also serves to mechanically cen- 
ter the conductor. The acquisition local 
oscillator signal radiates into the AFC 
frequency-converter toward the mixing 
line, 

Magnetron signal injection. A greatly 
attenuated RF signal from the mag- 
netron is fed through a coaxial cable to 
connector J19. An exciting probe is con- 
nected to J19, and it is mounted within a 
short circular section of waveguide 
within the AFC frequency-converter. 
Phe probe excites the waveguide, and the 
RF signal travels down the waveguide to 
the mixing line, Since a wide frequency 
response is required for proper AFC sys- 
tem operation, the waveguide is shunted 
at the coupling point to the mixing line 
by a low impedance quarter-wave line 
formed by an impedance post. The im- 
pedance post also serves as a housing for 
the RF filter in the mixing line output at 
connector J18. 

Signal detection. A 1N28 crystal de- 
tector is mounted on the side wall of the 
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Figure 73. (U) AFC frequency-converter—cutaway view. 


AFC frequency-converter and is properly 
matched by the capacitance of the crystal 
mounting and the inductance of the 
crystal. The crystal is connected to the 
probe end of the mixing line by contact 
fingers. The acquisition local oscillator 
and attenuated magnetron RF signals 
flow in the mixing line and are applied 
across the erystal detector. Since the 
crystal detector is a nonlinear device, it 
mixes these signals and produces the orig- 
inal, sum, and difference frequency sig- 


nals in the mixing line. A powdered 
iron core RF filter is mounted concentric 
with the mixing line at J18, The filter 
blocks the RF signals, but passes the IF 
signal to the acquisition AFC for use in 
correcting IF deviations from 60 mega- 
eycles. 


193930 
74. Acquisition are-B1 a4 


a. General. The acquisition AFC maintains the 
60-megacycle IF necessary for proper acquisition 
receiver operation. The acquisition AFC detects 
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any IF deviation from 60-megacycles and controls 
the AFC motor-generator which retunes the ac- 
quisition local oscillator to restore the 60-mega- 
cycle IF, The acquisition AFC also searches for 
a new frequency lock-on point for the acquisition 
local oscillator when there is a shift in the acquisi- 
tion magnetron frequency. 

6. Detailed Theory. The acquisition AFC (fig. 
57, TM 9-1430-257-20) consists of IF amplifiers 
Vi through V3; limiter V4; detectors V5A and 
V5B; video amplifier V6A; cathode follower 
V6B; pulse stretchers V7A and V7B; modulators 
V8A, V8B, V9A, and V9B; converters V10A and 
V10B; and relay amplifiers VI1A and V11B. 

(1) IF amplifier V1. 

(a) IF signals are applied from the AFC 
frequency-converter through connec- 
tor J1 and developed across the pri- 
mary of transformer Tl. The IF sig- 
nals are in the form of 1-microsecond 
pulses, having a repetition rate of 500 
pps. The IF signals are superimposed 
on a de voltage level resulting from the 
rectification of the acquisition local 
oscillator signals and acquisition mag- 
netron signals in the AFC frequency- 
converter. The primary of T1 is 
fixed-tuned with circuit capacitances to 
resonate at 60 megacyeles. The pri- 
mary is loaded by resistor R28, which 
broadens the response of T1 to obtain 
the desired 10-megacycle bandwidth 
centered at 60 megacycles. The IF sig- 
nals developed across the primary of 
T1 are also developed across the low- 
pass filter composed of capacitors Cas) 
and Cl connected in series with the 
primary of Tl. The low-pass filter by- 
passes the IF signals to ground. The 
resultant de erystal current is applied 
through connector P1-6 to the acquisi- 
tion RF power supply control for mon- 
itoring on TEST 2 meter M4. 

IF amplifier V1 is a conventional 
medium-gain, wideband IF amplifier. 
The IF signals induced in the second- 
ary of T1 are applied to the control 
grid of V1. The secondary of T1 is 
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fixed-tuned with circuit capacitances to 
resonate at 60 megacycles and loaded 
by resistor R5 to obtain the desired 10- 
megacycle bandwidth. Amplified IF 
signals at the plate of V1 are developed 
across the primary of transformer T2. 
IF signals at the plate and screen grid 
of V1 are decoupled from the +150- 
volt supply by resistor R17 and capaci- 
tor C10. 


(2) JF amplifiers V2 and V3. Amplifiers 


(3 


V2 and V3 are identical with V1 in pur- 
pose and component operation. The IF 
signals from V1 are amplified by V2 and 
V8 and coupled through transformer T4 
tothe control grid of limiter V4. 

Limiter V4. Limiter V4 eliminates 
variations in amplitude of the IF signals. 
This amplitude limiting permits detec- 
tors V5A and V5B to respond only to fre- 
quency variations above or below 60 
megacycles. 


(a) The control grid of V4 is biased 


slightly above cutoff by a combination 
of cathode bias voltage developed 
across cathode resistor R4 and limiter 
(gvid-leak) bias voltage. The limiter 
bias voltage is developed by resistor 
R22 and capacitor C4 during the posi- 
tive-going half-cycles of the IF signals. 
The limiter bias voltage level is main- 
tained between signals by the long time 
constant of R22 and capacitor (37. 
The IF signals induced in the second- 
ary of T4 are applied to the control 
grid of Vi. The secondary of T4 is 
fixed-tuned with circuit capacitances to 
resonate at 60 megacycles and loaded 
by resistor RS to obtain the desired 10- 
megacycle bandpass. During the posi- 
tive-going half-cycles of the IF signals, 
V4 is driven into saturation. During 
the negative-gomg half-cycles of the 
IF signals, the combination of the 
negative-going grid voltage and limiter 
bias voltage quickly drives V4 to cut- 
off. As a result, all amplitude varia- 
tions in the IF signals are removed by 
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4 combination of cutoff and saturation 
limiting. Thus, the IF signals de- 
veloped across the primary of zero dis- 
eriminator transformer T5 in the plate 
circuit of V4 have constant amplitude 
but retain any frequency variations 
from 60 megacycles. 

The primary of T5 is broad tuned to 
resonate at 60 megacycles by response 
discriminator variable capacitor C40 
and loaded by resistor R12 to obtain the 
desired 10-megacycle bandwidth. The 
voltage applied to the plate of V4 is 
reduced from +150 volts toa low value 
by resistor R26. IF signals at the plate 
and screen grid of V4 are decoupled 
from the +150-volt. supply by capac- 
itor C13. An additional decoupling 
network composed of resistor R20 and 
capacitor C3 is connected between the 
plate of V4 and the +150-volt supply. 
The limiter bias voltage developed at 
the control grid of V4 is applied 
through connector P14 to TEST 2 
meter Mé4 in the acquisition RF power 
supply control for monitoring pur- 
poses, A limiter current of 3 to 6 mi- 
croamperes indicates normal operation 
of all AFC system circuits up to and 
including the control grid circuit of V4, 
However, absence of limiter bias volt- 
age does not necessarily indicate a com- 
ponent malfunction, since limiter bias 
voltage is developed only when the IF 
signal falls within the 10-megacyele 
bandpass of V1, V2, and V3, Limiter 
bias voltage is also applied from V4 
to the grid of relay amplifier VIIA. 


(4) Detectors V5A and VSB. 


(2) 


The IF signals developed across the 
primary of T5 are induced in the sec- 
ondary of T5. The plate of V4 is also 
directly coupled to the junction of ca- 
pacitors C14 and C15, which are con- 
nected across the secondary of T5. The 
secondary of T5, C14, and C15 com- 
prise a series-resonant circuit, the 
bandwidth of which is broadened by 
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resistor R13 to obtain the desired 10- 
megacycle bandwidth. The amplitude- 
frequency response of detectors V5.A 
and V5B is affected by the frequency 
response of T5. The frequency re- 
sponse of T5 is adjusted by varying 
C40 in the primary circuit, and by 
slug-tuning the secondary circuit. The 
frequency response of T5 is properly 
adjusted when equal frequency devia- 
tions above and below 60 megacycles 
produce error pulses of equal ampli- 
tude and opposite polarity from V5A 
and V5B. 

Detectors V5A and V5B, inductors L1 
and L2, capacitors C18 and C19, and 
resistors R14 and Ri5 comprise a shunt 
detector, Resistor R67 dampens any 
parasitic oscillations originating in the 
control grid circuit of video amplifier 
V6A, which is connected to the output 
of V5A and V5B. The impedance of a 
shunt detector is low, and therefore 
does not change appreciably when a 
new V5 (tube type 6AL5) is inserted. 
Thus, a constant impedance driving 
source to V6A is obtained, thereby 
eliminating the necessity of returning 
Ts after each tube change. Inductors 
Lt and L2 present a high series imped- 
ance to the IF frequency, thus isolat- 
ing the remaining stages from IF sig- 
nal interference. Inductors L1 and L2 
also provide a low-resistance path for 
the diode currents. Although C19 isa 
smaller size capacitor than C18, the 
circuit is balanced since the additive 
effect of the tube capacitances are in 
parallel with C19. The output voltage. 
from V5A and V5B is developed across. 
R14 and R15 and can be monitored at. 
test point TP1. The error pulse volt- 
age is the algebraic addition of the 
opposite polarity voltage drops across. 
Ri4 and R15. 

The voltage applied tothe plate of V5A. 
is the primary voltage plus the voltage: 
developed across C14. The voltage ap- 
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plied to the plate of V5B is the pri- 
mary voltage plus the voltage across 
C15. The resultant plate voltages de- 
termine the currents through V5A and 
V5B. These currents determine the 
amplitude of the voltage drops across 
Ri4 and R15. The operation of V5A 
and V5B is explained in 7 through 9 
below for the following three condi- 
tions: IF signal at 60 megacycles, IF 
signal lower than 60 megacycles, and 
IF signal higher than 60 megacycles. 
For each of these three conditions, dif- 
ferent phase relationships exist between 
voltages across C14, C15, and the pri- 
mary of T5. 


1. IF signal at 60 megacycles. The 60- 


megacycle IF signal is applied 
across the series circuit composed of 
C14, C15, and the secondary of T5. 
The resonant frequency of the series 
circuit is 60 megacycles. At 60 
megacyeles, the inductive reactance 
(Xi) equals the capacitive react- 
ances (Xc). Consequently, X¢ can- 
eels Xi, and the tuned circuit ap- 
peers purely resistive. Voltage and 
current in the secondary of T5 are in 
phase with the voltage in the primary 
of T5. The current leads the volt- 
age through C14 and C15 by 90°. 
Measured from terminals 3 to 4 on 
the secondary of TS, the voltages 
across C14 and ©15 are in phase. 
However, they are 180° out of phase 
with each other as applied to the 
plates of V5A and V5B. The sum- 
mation of the primary voltage and 
the voltage across Cl4 produces V5A 
plate voltage, which is equal in am- 
plitude to V5B plate voltage, pro- 
duced by the summation of the 
primary voltage and the voltage 
across C15. Equal amplitude plate 
voltages result in equal conduction in 
V5A and V5B. This causes equal 
and opposite voltage drops across 
Ri4 and R15, producing a 0-volt 


error pulse output with respect to 
ground. 


2. IF signal lower than 60 megacycles. 


When the IF signa] is lower than 60 
megacycles, the series circuit com- 
posed of C14, C15, and the secondary 
of T5 is no longer resonant. Below 
resonance, X is greater than Xz. 
This causes secondary current to lead 
secondary voltage by a phase angle 
proportional to the frequency devia- 
tion. However, in-phase voltages 
across C14 and C15 still lag second- 
ary current by 90°, and are 180° out 
of phase with each other as applied to 
the plates of V5A and V5B. The 
voltage across (14 is now less than 
90° out of phase with the primary 
voltage, and the voltage across C15 is 
more than 90° out of phase with the 
primary voltage. The summation 
of the primary voltage and the volt- 
age across C14 produces V5A plate 
voltage, which is larger in amplitude 
than V5B plate voltage, the summa. 
tion of the primary voltage, and the 
voltage across C15, The unequal 
plate voltages cause more current 
through V5A than through V5B, 
resulting in a larger voltage drop 
across R15 than across Rid. The 
addition of the oppositive polarity 
voltages across R14 and R15 pro- 
duces a resultant error pulse having a 
duration of 1-microsecond, a repeti- 
tion rate of 500 pps, and a positive 
polarity with respect to ground. 


3. IF signal higher than 60 megacycles. 


When the IF signal applied to the 
series circuit composed of C14, C15, 
and the secondary of T5 is higher 
than 60 megacycles, the converse of 
the condition in 2 above occurs. In 
this case, X, is greater than Xo, 
causing the series circuit to act in- 
ductively. Secondary current lags 
secondary voltage by a phase angle 
dependent on the frequency devia- 
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tion. In-phase voltages across C14 
and C15 lag secondary current by 
90°, and are 180° out of phase with 
each other as applied to V5A and 
V5B. The voltage across C15 is 
now less than 90° out of phase with 
the primary voltage, and the voltage 
across C14 is more than 90° out of 
phase with the primary voltage. 
The summation of the voltage across 
C15 and primary voltage produces 
V5B plate voltage, which is larger 
in amplitude than V5A plate volt- 
age, produced by the summation of 
the primary voltage and the voltage 
across C14. The unequal plate volt- 
ages cause more current through 
V5B than through V5A, resulting in 
a larger voltage drop across R14 
than across R15. The addition of 
the opposite polarity voltages across 
Ri4 and R15 produces a resultant 
error pulse having a duration of 1- 
microsecond, a repetition rate of 500 
pps, and a negative polarity with 
respect to ground. 


(5) Video amplifier V6A, The error pulses 


produced by V5A and V5B when the IF 
deviates from 60 megacycles are directly 
coupled to the grid of V6A (fig. 57, TM 
9-1430-257-20). The amplified and in- 
verted error pulses at the plate of V6A 
are coupled through capacitor C20 to the 
center tap of the secondary winding of 
pulse stretching transformer T6. If the 
output of modulators V8A, V8B, V9A, 
and V9B is to be proportional to the am- 
plitude and polarity of the error pulses 
produced by V5A and V5B, then tha gain 
of V6A cannot be allowed to vary. The 
degenerative feedback voltage developed 
across unbypassed cathode resistor R16 
controls the gain of V6A. Thus, the sta- 
bility of V6A is improved by making the 
stage gain less dependent upon tube 
characteristics and component aging. 
Error pulse frequencies at the plate of 


V6A are decoupled from the +150-volt 
supply by capacitor C2. 


(6) Cathode follower V6B, 
(a) Gate pulses having « duration of 1 


microsecond, an amplitude of +30 
volts, and a repetition rate of 500 pps 
are applied from the acquisition mag- 
netron pulsing circuits to connector J2. 
These gate pulses occur simultaneously 
with the application of the IF signals 
at Jl. From J2, the gate pulses are 
developed across cable terminating re- 
sistor R25 and applied through resis- 
tor R24 to the grid of V6B. Crystal 
diode CR1 in the grid circuit of V6B 
clips the peaks from the gate pulses. A 
bias voltage of +25 volts is applied 
to the cathode of CR1 through the volt- 
age divider composed of resistors R60 
and R62 connected from ground to the 
+150-volt supply. The bias voltage 
developed across R62 is stabilized by 
capacitors C39 and C24 connected in 
parallel with R62. The portion of each 
gate pulse which exceeds +25 volts 
causes CR1 to conduct. When CR1 
conducts, the voltage of the gate pulse 
in excess of +25 volts is developed 
across resistor R24, thus clamping the 
grid of V6B at +25 volts. 


(6) During quiescence, V6B is conducting 


near cutoff due to the small positive 
bias voltage applied to the cathode 
through the voltage divider composed 
of resistor R61 and cathode resistor R27 
eomected from ground to the +150- 
volt supply. The gate pulses applied 
to the grid of V6B cause increased con- 
duction, resulting in positive-going 
pulses at the cathode, The gate pulses 
across cathode resistor R27 are coupled 
through capacitor C36 and developed 
across primary winding 1-2 of T6 and 
resistor R30 connected in parallel. 


(7) Pulse stretchers V7A and V7B. Pulse 


stretchers V7A and V7B convert the posi- 
tive or negative error pulses from V6A_ 
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(b 


into pulsating de control voltages hav- 
ing a de level and polarity equal to the 
amplitude and polarity of the error 
pulses. The de control voltages are ap- 
plied as grid bias voltages to operate 
modulators V8A, V8B, V9A, and V9B. 


(7) When the IF is 60 megacycles, the only 


input to V7A and V7B is the gate pulses 
applied from V6B to the primary of 
T6. The gate pulses induced into the 
secondary windings of T6 result in 
equal amplitude, opposite polarity gate 
pulses at T6-3 and Té6-6. The gate 
pulses applied to the plate of V7A from 
T6—8 are positive, and the gate pulses 
applied to the cathode of V7B from 
T6-6 are negative. Capacitor C43 
insures that the secondary of Té 
is balanced. The gate pulses ap- 
plied to the plate of V7A and the cath- 
ode of V7B cause equal conduction in 
ViA and V7B. Since the resulting cur- 
rents through capacitor C23 are of 
equal amplitude and opposite phase, 
C23 is uncharged. Capacitor C21 in 
the cathode circuit of V7B and capaci- 
tor €22 in the plate cireuit of V7A 
charge to the peak voltage of the gate 
pulses. Between pulses, the large re- 
sistance of resistor R29A in the cathode. 
circuit of V7B and resistor R29B in the 
plate circuit of V7A hold C21 and C22 
charged to approximately the peak gate 
pulse voltage. Capacitor C21 and 
R29A place a positive bias voltage at 
the cathode of V7B; C22 and R29B 
place a negative bias voltage at the 
plate of V7A. Thus, V7A and V7B 
are cut off during the period between 
gate pulses. This insures that the 
pulsating de control voltages developed 
across C23 are functions of only the 
polarity and amplitude of the error 
pulses from V6A. 

If the IF deviates from 60 megacycles, 
the positive or negative error pulses at 
the plate of V6A are coupled through 


capacitor C20 to the center tap of the 
secondary of T6. From the center tap, 
the error pulses are developed across 
resistor R32, which is in parallel with 
each secondary winding of T6. Co- 
incident with the error pulses, gate 
pulses are applied from V6B to the 
primary of T6. The induced gate pulse 
voltage in winding 5-6 is negative at 
the cathode of V7B. The induced 
pulse voltage in winding 3-4 is positive 
at the plate of V7A, The algebraic 
addition of the error pulses to the gate 
pulses produces unequal conduction in 
ViA and V7B. Since unequal cur- 
rents of opposite phase flow through 
C23, a resultant charge is developed 
across C23, 

1, If the error pulses from V6A are posi- 
tive, the positive error pulses devel- 
oped across R32 aid the positive gate 
pulses at the plate of V7A and 
oppose the negative gate pulses at 
the cathode of V7B. Pulse stretcher 
V7A conducts more than V7B, and 
the larger current through V7A pro- 
duces a. resultant positive charge on 
C23. 

2. If the error pulses from V6A are 
negative, the negative error pulses 
developed across R32 aid the nega- 
tive gate pulses at the cathode of V7B 
and oppose the positive gate pulses 
at the plate of V7A. Pulse stretcher 
V7B conducts more than V7A, and 
the larger current through V7B pro- 
duces a resultant negative charge on 
C23, 

3. Between gate pulses, C23 is held 
charged to the peak voltage appear- 
ing between ground and the output 
of VTA and V7B, since the only dis- 
charge path for C23 is through the 
long time-constant circuit composed 
of resistor R31 and capacitor C41. 
The de control voltage developed 
across C23 causes an unbalance in 
modulators V8A, V8B, V9A, and 


CONFIDENTIAL 


CONFIDENTIAL ......... 


V9B. The unbalanced modulators 
produce a voltage which causes the 
AFC motor-generator to retune the 
acquisition loca] oscillator. As the 
IF is being corrected to 60 mega- 
cycles, error pulses having a decreas- 
ing amplitude are coupled from V6A 
to V7A and V7B. Unequal currents 
flow through V7A and V7B, produc- 
ing a charge on C23 of the same 
polarity but decreasing in amplitude. 
The decrease in error pulse ampli- 
tude, and hence the decrease in de 
control voltage amplitude, is directly 
proportional to the amount of cor- 
rection of the IF. This action is re- 
peated during each succeeding gate 
pulse until the IF is corrected to 60 
megacycles. 


(8) Modulators V8A, V8B, V9A, and VOB. 
(a) General. Modulators V8A, V8B, VA, 


and V9B constitute a 400-cps bridge. 
A 400-eps signal is applied from the 
secondary winding of transformer T7 
through resistor R35 to the cathodes 
of V8A and V8B, and through resistor 
R36 to the cathodes of V9A and V9B. 
The amplification of this 400-cps signal 
is determined by conduction in VBA, 
V8B, V9A, and V9B. Conduction 
in V8A, V8B, V9A, and V9B is de- 
termined by the de control voltage from 
VTA and V7B. The contro] voltage is 
applied to the grids of V8A and V9B, 
and is compared to the steady reference 
voltage applied to the grids of V8B and 
V9A. When the IF is 60 megacycles, 
the de control voltage from V7A and 
V7B is zero and the bridge is balanced. 
Equal amplification of the 400-cps sig- 
nal within the balanced bridge pro- 
duces a zero 400-cps signal at the plates 
of V8A and V9A, and V8B and V9B. 
If the IF deviates from 60 megacycles, 
a de control voltage is applied from 
V7A and V7B to the grids of V8A and 
V9B. This de control voltage unbal- 


ances the bridge, producing a 400-cps 
signal at the plates of V8A and V9A, 
and V8B and V9B. The phase of the 
400-cps signal at the plates is deter- 
mined by the polarity of the de control 
voltage. The amplitude of the 400-cps 
signal at the plates is controlled by the 
level of the dc control voltage. 


{b) Quiescent operation. 
1. When the IF is 60 megacycles, the de 


control voltage applied from V7A 
and V7B to the grids of V8A and 
V9B iszero. The grids of V8B and 
V9A are connected to the potential 
at the brush arm of MOD BAL vari- 
able resistor R43. The brush arm of 
R43 is normally set at a point of zero 
potential through the voltage divider 
composed of resistor R42, resistor 
R43 in parallel with resistors R45 
and R44, and resistor R41 connected 
between the +250 and —250-volt 
supplies. Voltage is applied to the 
plates of V8A and V9A through com- 
mon load resistor R40 connected to 
the +250-volt supply, and to the 
plates of V8B and V9B through com- 
mon load resistor R39 connected to 
the +250-volt supply. Voltage is 
applied to the common cathodes of 
V8A and V8B through resistor R35 
and winding 1-2 of T7 connected to 
the —250-volt supply, and to the 
common cathodes of VOA and V9B 
through resistor R36 and winding 
2-8 of T7 connected to the —250-volt. 
supply. Since R39 and R40 are of 
equal resistance, R35 and R36 are of 
equal resistance, and the potential 
applied to the grids of V8B and V9A 
equals the potential applied to the 
grids of V8A and V9RB, the bridge is 
balanced. The result is equal con- 
duction in V8A, V8B, V9A, and 
VOB. 


2. Simultaneously, 400-cps signals are 


induced in secondary winding 1-2-3 
of T7 by primary winding 5-6. 
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Since the cathodes of V8A, V8B, 
V9A, and V9B are at opposite ends 
of the center-tapped secondary of 
T7, the 400-cps signals applied to the 
cathodes of V8A and VSB are 180 
degrees out of phase with respect to 
the 400-cps signals applied to the 
cathodes of V9A and V9B, Since 
conduetion in V8A, V8B, V9A, and 
V9B is equal, the 400-cps signals re- 
ceive equal amplification in each sec- 
tion of the bridge. The 400-cps sig- 
nals at the plates of V8A and V9A 
are developed across R40. Since 
these 400-cps signals are 180 degrees 
out of phase and of equal amplitude, 
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the addition of the signals produces 
a zero 400-cps signal at the plates of 
V8A and V9A (A, fig. 74). The t00- 
eps signals at the plates of V8B and 
V9B are developed across R39. 
Since these 400-cps signals are 180 
degrees out of phase and of equal 
amplitude, the addition of the 400- 
cps signals produces a zero 400-cps 
signal at the plates of V8B and V9B 
(A, fig. 74). 


3. During quiescence, the 400-eps bridge 


should be balanced. However, 400- 
cps signals could be produced at the 
plates of V8A and V9A, and V8B 
and V9B, since no two tubes have ex- 
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Figure 74, (U) Modulators V8A, V8B, V9A, and V9B—phase relationships, 
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actly the same amplification factor. 
This is prevented by connecting 
the grids of V8B and V9A to the 
brush arm of R43. The voltage at 
the brush arm of R43 can be varied 
from —0.5 volt to +0.5 volt. Vari- 
able resistor R43 is adjusted for a 
zero 400-cps signal at the plates of 
V8A and V9A, and V8B and V9B. 
During this adjustment, MOD BAL 
switch Si (fig. 57, TM 9-1480-257 
20) is closed. If the acquisition 
AFC is in autosearch operation as 
decribed in (10)(%) below, auto- 
search signals applied through con- 
nector P2-11 are grounded through 
$1. This assures that no signal is 
applied to the secondary of T6 when 
the 400-eps bridge is being balanced. 


(ce) Dynamie operation—positine de con- 


trol voltage. 

1. A positive de control voltage applied 
from V7A and V7B to the grids of 
V8A and VOB causes increased con- 
duction in V8A and V9B. The in- 
creased current in V8A and V9B 
produces a larger voltage drop across 
R35 and R36, Since the voltage drop 
across R35 and Reé determines the 
bias voltage at the grids of V8B and 
V9A, grid bias voltage is increased. 
This reduces conduction in V8B and 
V9A. Consequently, 400-cps signals 
at the cathodes of V8A, V8B, V9A, 
and V9B receive unequal amplifica- 
tion in the bridge. 

2. Consider the operation of the bridge 
with a positive-going, half-cycle, 
400-cps signal at the cathodes of V8A. 
and V8B and a negative-going, half- 
cycle, 400-cps signal at the cathodes 
of V9A and V9B. Since the amplifi- 
cation obtained from V8A is higher 
than the amplification obtained from 
VOA, the positive-going, half-cycle, 
400-cps signal at the cathode of V8A 
is amplified more than the negative- 
going, half-cycle, 400-eps signal at 


the cathode of V9A. The half-cycle 
400-cps signals developed across R40 
are 180° out of phase and have un- 
equal amplitude. The result is a 
positive-going, half-cycle, 400-cps 
signal at the plates of V8A and V9A 
(B, fig. 74). Simultaneously, the 
negative-going, half-cycle, 400-cps 
signal at the cathode of V9B is am- 
plified more than the positive-going, 
half-cycle, 400-cps signal at the cath- 
ode of V8B because of the higher 
amplification in V9B. The half- 
cycle, 400-cps signals developed 
across R39 are 180° out of phase and 
have unequal amplitudes. The re- 
sult is a negative-going, half-cycle, 
400-cps signal at the plates of V8B 
and V9B (B, fig. 74). 


3. During the next half-cycle, a negative- 


going, half-cycle, 400-cps signal is 
applied to the cathodes of V8A and 
V8B, and a positive-going, half- 
cycle, 400-cps signal is applied to the 
cathodes of V9A and V9B. The 400- 
eps signals again receive unequal am- 
plification. The result is a negative- 
going, half-cycle, 400-cps signal at 
the plates of V8A and V9A, and a 
positive-going, half-cycle, 400-cps 
signal at the plates of V8B and VOB. 


(d) Dynamic operation—negative de con- 


trol voltage. 


1. A negative de control voltage applied 


from V7A and V7B to the grids of 
V8A and V9B causes reduced con- 
duction in V8A and V9B. The re- 
duced current in V8A and V9B pro- 
duces a smaller voltage drop across 
R35 and R36. This decreases the 
bias voltage at the grids of V8B and 
V9A, increasing conduction in V8B 
and V9A. 


2. Consider the operation of the bridge 


with the same phase 400-cps signals 
applied to their common cathodes as 
in (c)Z above. Because of the higher 
amplification in V9A, the negative- 


CONFIDENTIAL ~ 


ws» GONFIDENTIAL 


196 


going, half-cycle, 400-eps signal at 
the cathode of V9A receives higher 
amplification then the positive- 
going, half-eycle, 400-cps signal at 
the cathode of V8A. The half-cycle 
400-cps signals developed across R40 
result in, a negative-going, half- 
cycle, 400-eps signal appearing at the 
plates of V8A and V9A (C, fig. 74). 
Simultaneously, the positive-going, 
half-cycle, 400-cps signal at the cath- 
ode of V8B receives higher amplifi- 
eation than the negative-going, half- 
eyele, 400-cps signal at the cathode 
of V9B because of the higher amplifi- 
cation in V8B. The half-cycle, 
400-cps signals developed across R39: 
result in a positive-going, half-cycle, 
400-cps signal appearing at the plates 
of V8B and V9B (C, fig. 74). 

3. On the next half-cycle, a negative-go- 
ing, half-cycle, 400-eps signal is 
applied to the cathodes of V8A and 
V8B and a positive-going, half- 
cycle, 400-cps signal is applied to the 
cathodes of VOA and V9B. The 400- 
eps signals again receive unequal 
amplification. This results in a. posi- 
tive-going, half-eyele, 400-cps signal 
at the plates of V8A and V9A, and 
a negative-going, half-cycle, 400-cps 
signal at the plates of V8B and VOB. 


(9) Converters VIOA and VIOB, 
(a) The 400-cps signals at the plates of 


V8A and V9A are coupled through ca- 
pacitor C30 (fig. 47, TM 9-1430-257- 
20), developed across resistor R58, and 
applied to the grid of VIOA. The 400- 
cps signals at the plates of V8B and 
V9B are coupled through capacitor 
C81, developed across resistor R59, and 
applied to the grid of V10B. Since 
the 400-cps signals at the grid of VIOA 
are 180° out of phase with respect to 
the 400-cps signals at the grid of V10B, 
the 400-cps signals represent a push- 
pull input to Vi0A and V10B. Con- 
verters V10A and V10B produce a 


(b 


{e) 


single-ended 400-cps signal output, the 
phase of which is determined by the 
phase of the 400-eps signal input to 


the grid of V10A, The amplitude of | 


the 400-cps signal output is propor- 
tional to the amplitude of the push-pull 
400-cps signal input. Push-pull to 
single-ended conversion is necessary in 
order to obtain a usable control voltage 
for operating the AFC  motor- 
generator. 

Consider the operation of VI0A and 
V10B when a positive-going, half- 
cycle, 400-cps signal is applied to the 
grid of V10A and a negative-going, 
half-cycle, 400-cps signal is applied to 
the grid of V10B. The positive-going 
400-eps signal at the grid of V10A 
causes increased conduction, resulting 
in an increased voltage across commen 
cathode resistor R63. The increased 
voltage across Ré3 plus the negative- 
going 400-cps signal at the grid of 
V10B cause reduced conduction, result- 
ing in an increased voltage at the plate 
of V1OB. During the next half-cycle, 
the negative-going 400-ceps signal at the 
grid of V10A causes reduced condue- 
tion in V10A, resulting in a decreased 
voltage across R63. The decreased 
voltage across R63, and the positive. 
going 400-cps signal at the grid of 
‘V10B cause increased conduetion, re- 
sulting in a decreased voltage at the 
plate of V10B. The output signal at 
the plate of V10B is a single-ended, 
400-cps AFC motor-control voltage, 
having the same phase as the 400-cps 
signal applied to the grid of V10A. 
Even though the output is taken from 
the plate of V10B, V10A is necessary to 
balance the circuit. The phase shift in 
V10A and V10B is compensated for by 
capacitor C33 connected from the plate 
of V10B to a point of zero potential at 
the junction of R45 and R44. 

The 400-cps AFC motor-control volt- 
age at the plate of V19B is coupled 
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(10) Relay amplifiers VIIA and V1IB. 
(a) Normal operation. When the acquisi- 


through capacitor C32 and voltage- 
dropping resistor R47 to connector 


Pi-1. The AFC motor-control volt- 
age is developed across resistors R48 
and R49 connected between connectors 
Pi-1 and P1-3 (circuit ground). The 
junction of R48 and R49 is connected 
to P1-5. A feedback voltage from the 
AFC motor-generator is applied 
through P1-5, and developed across 
R49, The feedback voltage is 180° out 
of phase with the AFC motor-control 
voltage. Therefore, the output volt- 
age applied through P1-1 to the low- 
power servo amplifier is the resultant 
voltage produced by the algebraic sum- 
mation of the AFC motor-control volt- 
age across R48 and R49 and the 
feedback voltage across R49. 


(d) Converters VIOA and V10B are de- 


signed to give harmonic suppression. 
If harmonics of the 400-cps signals are 
present, the signals at the grids of 
V10A and V10B due to these harmonics 
may be in phase. The 800-cps second 
harmonic of the 400-cps signal is the 
harmonic having the largest amplitude. 
Therefore, suppression of an 800-cps 
signal is of primary importance. 
Since 800-cps signals are an even har- 
monic output of a push-pull amplifier, 
the 800-eps signals at the grids of V10A 
and V10B are in phase. For the pur- 
pose of explanation, the 800-cps signals 
are considered as positive-going at the 
grids of both V10A and V10B, The 
positive-going grid of V10A causes in- 
ereased conduction. The resulting in- 
creased voltage across R63 attempts to 
cause reduced conduction in V10B. 
However, the positive-going grid of 
V10B prevents reduced conduction in 
V10B. Therefore, the net current 
change in V10B is zero, and no 800-cps 
signal appears at the plate of V10B. 
Thus, the 800-cps harmonics have been 
suppressed, 


tion local oscillator frequency is 6045 
megacycles above the acquisition mag- 
netron frequency, the 60+ 5-megacycle 
IF signals passed by V1, V2, and V3 
develop limiter bias voltage at the grid 
of V4. The limiter bias voltage is ap- 
plied from V4 through the low pass 
filter composed of resistor R23 and ca- 
pacitors C35 and C5 to the grid of 
VIIA, biasing V11A to cutoff. A posi- 
tive bias voltage is applied to the grid 
of V11B through the voltage divider 
composed of plate resistor R53 and re- 
sistors R65 and R64 connected between 
the —250- and +250-volt supplies. 
The positive bias voltage causes V11B 
to draw grid current, which immedi- 
ately reduces the grid voltage to zero. 
The resultant conduction in V11B 
causes current to flow in the solenoid 
winding of hunt relay K1. Relay K1 
energizes, closing contacts 2 and 3. 
The center tap of the secondary of T6 
is connected through R32 and contacts 
3 and 2 of K1 to ground. The AFC 
motor-generator is controlled by the 
error pulse output of V5, which oper- 
ates modulators V8A, V8B, V9A, and 
V9B. 


(b) Auto-search operation—general. 


1. If the acquisition local oscillator fre- 
quency is more than 65 megacycles 
above the acquisition magnetron 
frequency, the IF signals are outside 
of the 10-megacycle bandpass cen- 
tered at 60 megacycles. Therefore, 
the IF signals are not passed by V1, 
V2, and V3. Limiter bias voltage is 
no longer developed at the grid of 
V4 and applied to the grid of V11A. 
The absence of limiter bias voltage 
at the grid causes V1i1A to conduct, 
resulting in a reduced voltage at the 
plate. The reduced voltage at the 
plate of V11A is applied through the 
voltage divider composed of R53, 
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R65, and R64 to the grid of V11B, 
causing V11B to cut off. Current 
(rough the winding of K1 stops, 
causing K1 to deenergize. Contacts 
1 and 3 of K1 close, connecting the 
center tap of T6 through R32 to con- 
nector P2-11, A de auto-search 
signal, which can be either positive 
or negative, is applied as an arti- 
ficial detector signal from P2-11 
through contacts 1 and 8 of K1 and 
R32 to the center tap of T6. Modu- 
lators V8A, V8B, V9A, and V9B 
are operated by the auto-search sig- 
nal applied to T6. This causes the 
AFC motor-generator to retune the 
acquistion loca] oscillator to restore 
the 60-megacyele IF, 


2, Capacitor C34, connected from contact 


3 of K1 to ground, is in the circuit 
only when the acquistion AFC is in 
auto-search operation (contacts 1 and 
3 of K1 closed). Capacitor C34 sta- 
bilizes the de auto-search signals 
applied to the center tap of T6. 
RELAY AMP ADJ variable re- 
sistor R66 in the cathode circuit of 
VIIA controls the operation of K1 
by limiting current in V11A.  Vari- 
able resistor R66 is adjusted to as- 
sure that the plate voltage of V11A 
does not drop enough to cut-off V11B 
until limiter bias voltage is removed 
from the grid of V11A. 


3. In order to explain auto-search opera- 


tion, the following three relationships 
between acquisition local oscillator 
frequency and acquisition magnetron 
frequency are presented : local oscil- 
lator frequency more than 65 mega- 
cycles above the magnetron fre- 
quency; local oscillator frequency 
more than 65 megacycles below the 
magnetron frequency; and local os- 
cillator frequency less than 55 mega- 
eycles above magnetron frequency. 
In each of these conditions, it is 
assumed that limiter bias voltage is 


removed from the grid of VILA and 
that K1 is deenergized. 
Local oscillator frequency more than 
65 megacycles above magnetron fre- 
quency. 


7, The acquisition local oscillator is 


operating at the high end of its 
frequency range, more than 65 
megacycles above acquisition magne- 
tron frequency (A, fig. 75). Limit 
switch $18 (fig. 76) mechanically op- 
erated by the AFC motor-generator, 
is normally in the closed position. 
A potential of —28 volts is applied 
through $13 to AFC motor reversing 
relay K3 located in the acquisition 
RF power supply control. Relay 
K3 energizes, causing contacts 2 and 
3 to close. A +5-volt auto-search 
signal is developed in the acquisition 
AFC across the voltage divider com- 
posed of resistors R56 and RY in 
parallel and resistor R54 connected 
from ground to the +250-volt. sup- 
ply. Resistor R9 located in the ac- 
quisition RF power supply control, 
is connected from the junction of 
R54 and R56, through connector 
P2-9 and contacts 6 and 4 of nor- 
mally deenergized AFC release relay 
K2 to ground. 


2, The +5-volt auto-search signal is ap- 


plied through P2-9, contacts 2 and 3 
of K3, P2-11, contacts 1 and 3 of 
Ic, and R22 to the center tap of T6. 
The +5-volt auto-search signal op- 
erates V8A, VSB, V9A, and V9B, 
causing the AFC motor-generator to 
retune the acquisition local oscillator 
to a lower frequency, resulting in a 
lowered IF. When the acquisition 
local oscillator frequency is 60-5 
megacycles above the acquisition 
magnetron frequency, the IF signals 
can be passed by V1, V2, and V3. As 
a result, limiter bias voltage is again 
developed at the grid of V4 and ap- 
plied to the grid of V11A. Amplifier 
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Figure 75. (U) Acquisition AFC€—auto-search operation. 


V11A is cut off, causing V11B to con- 
duct and energize K1. Contacts 2 
and 3 of Ki close, grounding the 
center tap of T6. The error pulse 
output of V5 operates V8A, V8B, 
V9A,and V9B. Thus, normal AFC 
operation is resumed. 

(d) Local oscillator frequency more than 
65 megacycles below magnetron fre- 
quency. 

1. The acquisition local oscillator is op- 
erating at the low end of its fre- 
quency range, more than 65 mega- 
cycles below the acquisition magne- 
tron frequency (B, fig. 75). The 
-++5-volt auto-search signal is applied 
to the center tap of T6 (fig. 76), caus- 
ing the AFC motor-generator to re- 
tune the acquisition local oscillator 


to a lower frequency. At the low 
frequency limit of the acquisition 
local oscillator tuning range, S13 is 
mechanically actuated by the AFC 
motor-generator, removing the —28 
volts from K3. Relay K3 deener- 
gizes, causing contacts 3 and 1 to 
close. A —15-volt auto-search signal 
is developed in the acquisition AFC 
across the voltage divider composed 
of resistors R57 and R55, connected 
from, ground to the —250-volt sup- 
ply. 

2. The —15-volt auto-search signal is ap- 
plied through connector P2-7, con- 
tacts 1 and 3 of K3, P2-11, contacts 
land 3 of K1, and R22 to the center 
tapofT6. The —15-volt auto-search 
signal causes the AFC motor-genera- 
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tor to reverse its direction of rota- 
tion, retuning the acquisition local 
oscillator to the high frequency limit 
of its tuning range. At the same 
time, the grid of Vi1A is grounded 
through connector P2-13 and con- 
tacts 4 and 6 of K38. The grounded 
grid makes V114A insensitive to lim- 
iter bias voltage developed at the 
grid of V4 when the acquisition local 
oscillator frequency passes through 
the sidebands which are +60 mega- 
cycles from the acquisition magne- 
tron frequency. The —15-volt auto- 
search signal overrides the error 
pulses produced by V5. This pre- 
vents the acquisition local oscillator 
from locking on the 60-megacycle IF 
as local oscillator frequency passes 
through the lower and upper side- 
bands. 

3. When the AFC motor-generator has 
retuned the acquisition local oscil- 
lator to the high frequency limit of 
its tuning range, 513 is again me- 
chanically actuated by the AFC 
motor-generator. The —28 volts is 
again applied through Si3 to K3. 
Relay K8 energizes, causing contacts 
3 and 2 to close. The +5-volt auto- 
search signal at P2-9 is applied 
through contacts 2 and 3 of K3 and 
contacts 1 and 3 of K1 to the center 
tap of T6. Contacts 4 and 6 of K3 
open, removing the grid of VilA 
from ground. The +5-volt auto- 
search signal causes the AFC motor- 
generator to reverse its direction of 
rotation and retune the acquisition 
local oscillator to a lower frequency. 
The acquisition local oscillator locks 
on the 60+:5-megacycle upper side- 
band as described in (¢)% above. 


(e) Local oscillator frequency less than 


55 megacycles above magnetron fre- 
queney. 

1. The acquisition AFC is prevented 

from locking on the upper or lower 


sidebands during the time the acqui- 
sition local oscillator is being tuned 
from the low to the high frequency 
limit of its tuning range. However, 
acondition of the auto-search circuits 
near the lower 60-+5-megacycle side- 
band causes erratic operation of the 
acquisition lecal oscillator. This 
condition occurs when the difference 
frequency between the acquisition 
local oscillator frequency and acqui- 
sition magnetron frequency is less 
than +55 megaeycles (C, fig. 75). 


2. Limiter bias voltage is removed from 


the grid of VILA (fig. 76), causing 
V11A4 to conduct and deenergize K1. 
The +5-volt auto-search signal is 
applied to the center tap of T6, caus- 
ing the AFC motor-generator to re- 
tune the acquisition local oscillator 
to a lower frequency. The grid of 
V114 is not grounded through K3 at 
this time, since the acquisition local 
oscillator is not at the low frequency 
limit of its tuning range, and the 
AFC motor-generator has not actu- 
ated $13. When the acquisition 
local oscillator is retuned to a fre- 
quency which is 60+5 megacycles 
below the acquisition magnetron fre- 
quency, limiter bias voltage is de- 
veloped at the grid of V4 and applied 
tothe grid of V11A. The limiter bias 
voltage cuts off V11A, causing K1 to 
energize. 


+. The acquisition AFC attempts to re- 


sume normal operation. However, 
the polarity of the error pulses de- 
veloped by V5 at the 60+5-mega- 
cycle lower sideband are opposite to 
the polarity of the error pulses de- 
veloped by V5 at the 60+5-megacycle 
upper sideband. The error pulses 
cause the AFC motor-generator to 
retune the acquisition local oscillator 
toa higher frequency. Limiter bias 
voltage is again removed from the 
grid of V11A, causing V11A to con- 
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duct and deenergize K1. The +5- 
volt auto-search signal is again 
applied to T6, causing the AFC 
motor-generator to reverse its direc- 
tion of rotation and retune the acqui- 
sition local oscillator to a lower 
frequency, which again approaches 
the lower sideband. This hunting 
by the acquisition local oscillator 
continues, Hunting is indicated by 
the flashing of AUTO FREQ. con- 
trol-hunt indicator light I$ located 
on the acquisition RF power supply 
control, and AFC—HUNT indicator 
light 14 located on the acquisition 
control-indicator. These two neon 
indicator lights are operated when 
the output of the low-power servo 
amplifier exceeds +40 volts. 

4. To correct. the hunting action by the 
acquisition local oscillator and to 
reestablish normal AFC operation, 
AUTO FREQ CONTROL-RE- 
LEASE switch S4 (located on the 
acquisition RF power supply con- 
trol} or AFC—RELEASE switch 
S10 (located on the acquisition con- 
trol-indicator) must be operated. 
Operation of either S4 or S10 applies 
a ground to K2, causing K@ to ener- 
gize. Contacts 2 and 3 of K2 close, 
grounding the grid of V11A through 
P2-13. Amplifier VILA conducts, 
causing K1 to deenergize. Since con- 
tacts 4 and 6 of K2 are now open, R9 
is removed from the voltage divider, 
leaving only R54 and R56 connected 
from ground to the +250-velt sup- 
ply. A +15-volt auto-search signal 
developed across R54 and R56 is ap- 
plied through P2-9, contacts 2 and 
8 of K3, P2-11, and contacts 1 and 8 
of K1 to the center tap of T6. The 
+ 15-volt auto-search signal overrides 
the error pulses produced by V5, 
causing the AFC motor-generator to 
retune the acquisition Jocal oscillator 
to the low frequency limit of its tun- 


ing range. From the low frequency 
limit of the acquisition local oscilla- 
tor tuning range, the auto-search 
operation is the same as that de- | 
scribed in (¢)2 above. . 
(11) Méscellaneous components. The fila- 
ment circuits of V1 through V5 (fig. 57, 
TM 9-1430-257-20) are decoupled from 
the 6.3-volt. power supply by the follow- 
ing inductor-capacitor networks: for V1, 
C25 and L8; for V2, C26 and L4; for V3, 
C27 and L5; for V4, C28 and Lé; for V5, 
C29 and L7. Capacitor C38 provides de- 
coupling for V6 through V11. 


75. Low-Power Servo Amplifier 7614253 


This low-power servo amplifier is identical to 
the low-power servo amplifier discussed in para- 
graph 46, 


76. AFC Motor-Generator 7605334 
a. General. 

(1) The AFC motor-generator operates when 
the IF input to the acguisition receiver 
deviates from 60 megacycles. At such © 
time, the motor supplies the driving“ 
power to retune the acquisition local os- 
eillator and acquisition preselector cavi- 
ties and readjust repeller plate variable 
resistor R32 until a 60-megacycle IF is 
again obtained. 

(2) The generator is mounted on the same 
shaft with the motor. The generator pro- 
duces a degenerative feedback voltage 
which is applied to the motor control 
source (acquisition AFC) to limit the 
starting torque of the motor and to insure 
a constant motor speed. The feedback 
also dampens any oscillations initiated 
when inertia causes the motor to over- 
shoot the point at which a correct acquisi- 
tion local oscillator frequency is obtained. 

5. Detailed Theory. 

(1) Physical deseription. 

(a) Motor. The motor is of the two-phase 
induction type, consisting of a rotor 
and stator (fig. 77). The stator is 
mounted on the inner periphery of the 
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motor-generator housing and is di- 
vided into two separate coils, These 
coils are electrically in quadrature with 
each other (fig. 78) so that a rotating 
magnetic field can be set up. The ro- 
tor (fig. 77) is a squirrel cage type, 
with closed loops of heavy wire placed 
lengthwise along the rotor, The rotor 
is mechanically connected to a shaft 
and gear train, to which are attached 
the acquisition local oscillator and ac- 
quisition preselector tuning plungers 
and the brush arm of repeller plate 
variable resistor R32. 

Generator. The generator is a drag- 
cup type, consisting of a copper cup 
rotor and a stator. The rotor is me- 
chanically connected to the motor drive 
mechanism, and the stator is mounted 
on the inner periphery of the motor- 
generator housing. The generator 
stator is divided into two separate coils 


STATOR 
POLE 


COPPER CUP 


MOTOR | 


{ROTATES IN GAP] 


which are electrically in quadrature 
with each other (fig. 78). 


(2) AFC motor-generator euecitation. 
(a) Motor, Terminal 1 of stator winding 


1-2 is connected to the output of the 
low-power servo amplifier (LPSA); 
terminal 2 is connected to ground. 
Terminal 3 of stator winding 3-4 is 
connected to 120 volts, phase C through 
contacts 8 and 2 of AFC motor disable 
relay K4 and AUTO FREQ CON- 
TROL-MOTOR EXC switch $6 (both 
on the acquisition RF power supply 
control) ; terminal 4 is connected to the 
120-volt neutral line. 


(6) Generator, Terminal 7 of stator 


winding 7-8 is connected to the acqui- 
sition AFC; terminal 8 is connected to 
ground. Terminal 6 of stator winding 
5-6 is connected through TACH 
PHASE ADJ variable resistor R2 to 
the generator excitation line, which is 
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Figure 77. (U) AFC Motor-generator—sectionat riers. 
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Figure 18. (U) APC Motor-generator—simplified schematic diagram. 


phase B-A, 60 volts, 400 cps; terminal 
5 is connected to the 120-volt neutral 
line, Variable resistor R2 compen- 
sates for an inherent phase shift be- 
tween the control voltage and the gen- 
erator output voltage from stator 
winding 7-8, thus insuring that. these 
voltages are exactly 180° out of phase. 
(3) Qudescent condition. When the IF in- 
put to the receiver is 60 megacycles, the 
AFC motor-generator is not activated be- 
cause there is no control voltage from the 
LPSA to motor winding 1-2. Conse- 
quently, a rotating magnetic field cannot 
be set up between windings 1-2 and 3-4 
since the only voltage present is the 120- 
volt, 400-cps excitation voltage con- 
stantly applied to stator winding 3-4. 
Without a rotating magnetic field, the 
motor rotor does not turn, and the shaft 
and gear tuning mechanism and genera- 
tor roter are not driven. Within the 
generator, 60 volts, 400 cps, is constantly 
applied to stator winding 5-6. Since a 
generator produces an output only when 
its rotor is turned through a magnetic 
field, there is no voltage feedback to the 
acquisition AFC. 
(4) Dynamic operation. 
(a) When the IF input to the receiver de- 
viates from 60 megacycles, a 400-eps 


coutro] voltage is applied to winding 
1-2. The amplitude of this control 
voltage is determined by the extent of 
frequency deviation from 60 mega- 
eycles. The phase of the contre] voit- 
age with respect to the 400-cps motor 
excitation voltage in winding 34 is 
either 90° or 270°, depending upon 
whether the frequency deviation is 
above or below the center IF of 60 
megacycles. A phase relationship of 
90° between the voltages in winding 
1-2 and winding 3-4 produce: s retat- 
ing magnetic field in one direction; a 
phase relationship of 270° produces a 
rotating magnetic field in the opposite 
direction, In either cause, the rotating 
magnetic field induces a current in the 
rotor, causing the rotor and drive shaft 
to turn in the direction of field rota- 
tion. Since winding 3-4 is returned to 
a fixed amplitude 400-cps excitation 
voltage, the strength of the rotating 
field is proportional to the amplitude 
of the control voltage. This causes the 
torque and speed of the induction 
motor to be proportional to the 9 
tude of the control voltage; that 
small control voltage rotates the 
slowly, and a large control voltagt 
tates it faster. 


or 
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(6) As the drive shaft turns, the generator 


rotor turns through the magnetic field 
of winding 5-6, A current induced in 
the rotor produces a small magnetic 
field at right angles to the magnetic 
field set up by winding 5-6. The alge- 
braic addition of the two fields pro- 
duces a resultant field that is parallel 
to winding 7-8. This induces a 400- 
eps voltage in winding 7-8; this volt- 
age is developed across resistor R49 in 
the acquisition AFC. The greater the 
motor speed, the larger the magnetic 
field set up by the generator rotor. 
This increases the resultant magnetic 
field that is parallel to winding 7-8, 
resulting in a greater amplitude of 
feedback voltage. Stator winding 7-8 
is connected so that the feedback volt- 
age to the acquisition AFC is 180° out 
of phase with the control voltage. 
Therefore, the feedback voltage is de- 
generative and constantly opposes the 
control voltage. 

Consider AFC motor-generator opera- 
tion with the system at rest, and a 
i1-volt AFC motor control signal sud- 
denly applied from the acquisition 
AFC to the LPSA. The LPSA has a 
gain of 50,000 and the minimum input 
signal amplitude required for satura- 
tion is 0.002 volt. The 1-volt AFC 
motor control signal quickly drives the 
LPSA into saturation and a maximum 
ampiltude control voltage of 100 volts 
is applied to winding 1-2. The large 
amplitude control voltage causes a 
strong rotating field to be set up, and 
the rotor and drive shaft attempt to 
respond to the large control voltage. 
The sudden initial shaft twist induces 
almost 1 volt of feedback voltage in 
winding 7-8. This voltage is devel- 
oped across R49 in the acquisition AFC. 
Since the 1-volt AFC motor control 
signal develops a voltage across R48 
and R49, the input to the LPSA is the 
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algebraic sum of the two opposite polar- 
ity voltages. This summation results 
in almost. complete cancellation of the 
control voltage. The cancellation con- 
tinues until the level of the AFC motor 
control voltage to the LPSA produces 
sufficient control voltage to winding 1-2 
for a constant motor speed versus feed- 
back voltage. When this occurs, the 
steady-state voltages could be: AFC 
motor control signal, 1 volt; generator 
output, 0.999 volé; LPSA input, 0.001 
volt; and control voltage, 50 volts. 
With these conditions, the motor ro- 
tates at approximately one-half of its 
maximum speed. 

If the AFC motor control signal sud- 
denly increases to 2 volts, the input 
voltage tothe LPSA would rise to 1.001 
volts. The level of this signal quickly 
saturates the LPSA, producing a maxi- 
mum control voltage of 100 volts to 
winding 1-2. A rotating magnetic 
field of maximum strength is set up, 
and the greatly increased shaft torque 
causes approximately 1.998 volts to be 
induced in generator winding 7-8. 
Again, this voltage is developed across 
R49. The 2-volt AFC motor control 
signal and 1.998-volt feedback signal 
produce 0.002 volt at the put to the 
LPSA. Since this voltage produces 
maximum contro] voltage output. from 
the LPSA, the motor runs at full speed. 
The steady-state voltages are: AFC 
motor control signal, 2 volts; generator 
output voltage, 1.998 volts; LPSA in- 
put, 0,002 volt; and control voltage, ap- 
proximately 100 volts. 

If the AFC motor control signal sud- 
dently decreases to 1.996 volts, the motor 
would continue to run at full speed for 
an instant, producing 1.998 volts of 
feedback voltage across R49. The al- 
gebraic sum of the opposite polarity 
voltages across R48 and R49 produces 
a 0.002-volt input to the LPSA, but of 
opposite polarity. This results in 
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maximum control voltage to the motor 
and causes full deceleration of the 
motor, 


77. Acquisition RF Power Supply Control 
HSHLO, 9000009. 


a. General, 


The acquisition RF power supply 


control (fig. 58, TM 9-1430-257-20) consists of a 
regulated —800-volt. power supply, voltage and 
current monitoring circuits, and voltage control 


circuits. 


The unit functions are listed in (1) 


through (10) below. 


Note. 


(1) Supplies keep-alive voltage for the ac- 


quisition receiver-transmitter TR tube, 


(2) Supplies operating voltages for the 


traveling wave tube in the magnetic cir- 
ouit. 


(3) Provides monitoring critical currents in 


the traveling wave-tube in the magnetic 
circuit. 


(4) Supplies local oscillator repeller plate 


voltage. 


(5) Provides monitoring of critical voltages 


and currents applied to various units of 
the acquisition antenna-receiver-trans- 
mitter group. 


(6) Provides local control of IF preamplifier 


gain. 


(7) Provides local control of the noise gen- 


erator. 


(8) Provides local control of magnetron fre- 


quency, 


(9) Provides local control of AFC motor ex- 


citation, 


(10) Provides facilities for local monitoring 


of the acquisition transmitter syne pulse 
and IFF video pulse. 


The key letter-number combinations shown in 


parentheses in 4 below refer to figure 58, TM 9-1430-257- 
20 unless otherwise indicated. 


4. Detailed Theory. 
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(1) Rectifier V1. 


A single-phase, 120-volt, 
400-cps input is applied through connec- 
tors JI-E and JI-M (A2) to the 
primaries of transformers T1 and T2. 
Stepped-up voltage induced in the second- 
ary of T1 is applied to the plates of ree- 
tifier V1. Alternate conduction of each 


(2 


() 


plate produces full-wave rectification of 
the secondary voltage of Tl. The rec- 
tifier output of V1 is smoothed and 
filtered through the pi-network consist- 
ing of capacitor Cl, inductor L1, and 
capacitor C2. Voltage adjust variable 

resistor R4 is adjusted to provide —800 

volts with respect to ground at connector 

J2—-A as ionization voltage for the ac- 

quisition receiver-transmitter TR tube, 

Filament voltage for V1 is obtained from 

secondary winding 3-5 of T2. Resistors 

Ri and R2, in parallel, drop filament 

voltage to the value required for opera- 

tion of V1. 

Voltage regulators V2 through V8. The 

—800-volt output of V1 is divided across 

75-volt regulator V2 (AT), 105-volt regu- 

lator V3, 150-volt regulators V4 and V5, 
and 108-volt. regulators V6, V7, and V8. 

The R, F. AMPLIFIER VOLTAGE 

CONTROLS and current divider resis- 

tors R10 through R19 are connected as 

part of the regulated voltage divider net- 
work. 

) Filament supply. Transformers T2 and 
T3 (B3) supply filament voltages to var- 
ious units of the acquisition antenna- 
receiver-transmitter group. The primary 
of T3 is energized by a single-phase, 120- 
volt, 400-cps input applied through con- 
nectors J1-E and J1-K. 

(a) Secondary winding 6-7 of T2 furnishes 

filament power through connectors J2— 
X and J2-Z to the traveling wave tube 
in the magnetic circuit. 

(4) Secondary winding 10-11 of T2 fur- 
nishes filament. power through connec- 
tors J1-R and J1-S to the local oscil- 
lator. 

{c} Secondary winding 5-7 of T3 furnishes 
filament power through connectors J1- 
H and J1-J to the acquisition IF pre- 
amplifier and low power servo ampli- 
fier. 

(@) Secondary winding 3-4 of T3 furnishes 
filament power through connectors J1- 

T and J1~U to the acquisition AFC. 
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(4) RF amplifier voltage controls. The neg- 


ative voltage at the junction of V2 and 
V8 (—725 volts) is applied through con- 
nector J2-B to the cathode of the travel- 
ing wave tube in the magnetic circuit. 
Control of traveling wave tube electrode 
voltages (par. 68) and their amplitudes 
with respect to cathode voltage is exer- 
cised by R. F. AMPLIFIER VOLTAGE 
CONTROLS variable resistors. 

(2) R. F. AMPLIFIER VOLTAGE 
CONTROLS—G1 variable resistor 
R11 (A8) furnishes 0 to —75 volts 
through connector J2-D to the beam- 
forming electrode. 

(6) R. F. AMPLIFIER VOLTAGE 
CONTROLS—G2 variable resistor 
Rl4 (B9) furnishes 0 to +105 volts 
through connector J2-E to anode 1. 

(ec) R. .F. AMPLIFIER VOLTAGE 
CONTROLS—G3 variable resistor 
R13 (B8) furnishes 0 to +105 volts 
through connector J2-F to anode 2. 

(d) R. F, AMPLIFIER VOLTAGE 
CONTROLS—G4 variable resistor 
R16 (C7) furnishes +105 to +405 
volts through connector J2-G to anode 
3. 

(e) RB. F. AMPLIFIER VOLTAGE 
CONTROLS—HELIX variable resis- 
tor R18 (C7) furnishes +405 to +621 
volts through connector J2-H to the 
helix electrode. Helix current. is mon- 
itored by R. F. AMPLIFIER HELIX 
CURRENT meter M2 (C11). 

(f) COLLECTOR variable resistor R19 
(C7) furnishes +513 to +729 volts 
through connector J2-J to the collector 
electrode. Collector current is moni- 
tored by R. F, AMPLIFIER COL- 
LECTOR CURRENT meter M3 
(Cu). 


(5) Local oscillator controls. 


(a) Acquisition local oscillator repeller 
plate voltage is obtained and controlled 
from a complex voltage divider. The 
voltage divider components are fixed 
resistors R20 (B9), R22, R28, and volt- 


age regulators V9 and V10. Variable 
resistors associated with the voltage 
divider are LOCAL OSC CON- 
TROLS—LEVEL variable resistor 
R21A and R2iB and LOCAL OSC 
CONTROLS—SPREAD variable re- 
sistors R24A and R24B. Voltage at 
the junction of the plate of V3 and the 
cathode of V4 (—625 volts) is applied 
through R20, R21A, 10%-volt regulator 
V10, R218, and 75-volt regulator V9 to 
the junction of the plate of V5 and the 
cathode of V6. Cathode voltage of V10 
is applied through R22 and R24A to 
connector J2-K. Plate voltage of V10 
is applied through R23 and R24B to 
connector J2-O, Voltage at. the junc- 
tion of the plate of V5 (C7) and the 
cathode of V6 (—825 volts) is applied 
through connector J2-L to the local 
oscillator cathode. 


(6) When R21A is adjusted to zero resist- 


ance, R21B is set at maximum resist- 
ance. Under these conditions, cathode 
voltage of V10 is —591.5 volts and plate 
voltage is —483.5 volts with respect to 
ground. With R21A adjusted to maxi- 
mum resistance, R215 is set at zero re- 
sistance. These conditions apply — 508 
volts to the cathode of V10 and ~—400 
volts with respect to ground at the 
plate. The normal midresistance set- 
ting of R214 and R21B produces —529 
volts at the cathode of V10 with respect 
to ground and — 421 volts at the plate. 
Thus, the voltage level across V10 is 
adjustable within the range of —508 
to —4591.5 volts with respect to ground 
at the cathode and —400 to —483.5 
volts with respect to ground at the 
plate. Regulator action of V10 main- 
tains a 108-volt potential difference be- 
tween the plate and cathode within 
these ranges. 

When R24A and R24B are adjusted to 
maximum resistance, a minimum out- 
put voltage spread is obtained across. 
J2-K and J2-O. With R24A and 
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RB adjusted to zero resistance, a 
maximum output voltage spread is ob- 
tained across J2-K and J2-O. The 
normal setting of R24A and R24B pro- 
duces an output voltage spread across 
J2-K and J2-O of 100 volts. Under 
this condition, the voltage at J2-O is 
—100 volts with respect to local oscil- 
lator cathode voltage, and the voltage 
at J2-K is —200 volts with respect: 
to local oscillator cathode voltage. 
Therefore, local oscillator repeller 
plate voltage is adjustable within the 
range of ~425 volts to —525 volts with 
respect to ground. 


(8) NOISE GEN—EXC switch S1, The 


(7 


receiver noise generator is locally ener- 
gized by operation of NOISE GEN— 
EXC switch S1. Noise generator exci- 
tation voltage is applied through con- 
nector J1-N and 81 to connector Ji-V. 
When the noise generator is excited, 
NOISE GEN ON indicator light I2 is 
illuminated by voltage applied to con- 
nector JI-X. Remote operation of the 
noise generator (par. 67) is controlled by 
the NOISE GEN switch located on the 
acquisition control-indicator. The ex- 
ternal NOISE GEN switch energizes HV 
on relay K1 through connector J2-W. 
With K1 energized, noise generator ex- 
citation voltage is applied through relay 
contacts 2-3 and 4-5 to JI-V. NOISE 
GEN—HV ON indicator light 11 illu- 
minates when K1 is energized, indicating 
remote operation of the receiver noise 
generator. 

MAG FREQ switch S28. Acquisition 
magnetron frequency may be locally 
changed by means of MAG FREQ switch 
S2. Operation of S2 supplies single- 
phase, 120-volt, 400-cps excitation to the 
acquisition magnetron tuning drive 
motor (par. 64), With S2 placed in the 
RAISE position, excitation is applied 
through J1-K, contacts 1-2 of S2, and 
motor start capacitors C3A and C4 in 
parallel to connector J1-/, and through 
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contacts 4-5 of 82 to connector J1-D. 
With S2 placed in the LOWER position, 
excitation is applied through J1-K and 


contacts 8-9 of $2 to J1-D, and through | 


J1-E, contacts 11-12 of S2, C3A and C4 
in parallel, to J1-/. With S2 in the 
normal or midposition, no excitation is 
applied to the magnetron tuning drive 
motor. 

IF GAIN switch S83. The voltage di- 
vider, consisting of resistors R7, R41, 
and IF GAIN knob R8, develops a nega- 
tive voltage for local control of the ac- 
quisition IF preamplifier gain (par. 72). 
With IF GAIN switch S3 placed in the 
LOCAL position, variable resistor R& 
provides a variable negative voltage ap- 
plied through contacts 2-3 of S83 and 
connector J2-S to the acquisition IF pre- 
amplifier. With $3 placed in the 
NORM position, IF preamplifier gain is 
controlled by a negative voltage devel- 
oped in the STC control Jocated in the 
acquisition control-indicator. This volt- 


age is applied through connector J2-T, | 


contacts 1-2 of S3, and J2-S to the IF 


preamplifier. Contacts 4-5 of S83 are 
discussed in (11) (#) below. 
AUTO FREQ CONTROL—RE- 


LEASE switch S$. Should the local 
oscillator lock onto the lower sideband 
frequency (where local oscillator and 
magnetron frequencies differ by less than 
55 megacycles), the receiver tuning motor 
will begin to hunt (par. 74). Hunting 
causes AUTO FREQ control-hunt indi- 
cator light I to flash. The output of 
the AFC low-power servo amplifier is 
applied through connector J1-g and re- 
sistor R6 to 13 and through resistor R5 
and connector J1-B to the AFC_HUNT 
indicator light on the acquisition control- 
indicator. Operation of AUTO FREQ 
CONTROL—RELEASE switch S4 per- 
mits the AFC to sweep, causing the local 
oscillator to shift to the correct operating 
frequency. With S4 depressed, AFC 
release relay K2 is energized, removing 
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resistor RY from the AFC control circuit. 
Operation of AFC motor reversing relay 
K3, controlled by a cam-operated switch 
mounted on the AFC motor shaft, deter- 
mines the direction of rotation of the mo- 
tor. 

AUTO FREQ CONTROL—MOTOR EXC 
switch S6. A 120-volt 400-cps excitation 
voltage is applied through connector J1-A, 
AUTO FREQ CONTROL—MOTOR EXC 
switch $6, contacts 2-3 of AFC motor dis- 
able relay K4, and connector Ji-h to the 
AFC motor-generator. Relay K4 is ener- 
gized when the acquisition magnetron is 
firing. When the magnetron is not firing, 
K4 is deenergized, disabling the APC mo- 
tor-generator. The AFC motor-generator 
excitation voltage is removed when either 
S6 or the AFC switch on the acquisition 
control-indicator is in OFF position. 
TEST 2 switch $7. Operation of TEST 2 
switch $7 connects TEST 2 meter M4 to 
monitor critical circuits of the acquisition 
antenna-receiver-cransmitter group. 


(a) In GL VOLTS—F. S. 100V POSITION 


1, the oueput of R11 is applied through 
multiplier resistor R25 and M4 to the 
junction of V2 and V3. 


(b) In G2 VOLTS—F. S. 100V POSITION 


2, the output of R14 is applied through 
Mé4 and multiplier resistor R26 co the 
junction of V2 and V3. 


(e) In G3 VOLTS—F. S. 100V POSITION 


3, the output of R13 is applied through 
M4 and R26 to the junction of V2 and 
v3. 


(d) In G4 VOLTS—F. S. 1000V POSITION 


4, the output of R16 is applied through 
M4 and multiplier resistor R27 to the 
junction of V2 and V3. 


(e) In HEL. VOLTS—F. S$. 1000V POSI- 


TION 5, the output of R18 is applied 
through M4 and R27 to the junction of 
V2 and V3. 


(f) In COLL VOLTS—F, S. 1000V POSI- 


TION 6, the output of R19 is applied 
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through M4 and R27 to the junction of 
V2 and V3. 

In L-O VOLTS (625)—F. S. 1000V PO- 
SITION 7, the voltage at the junction of 
V3 and V4 is applied through multiplier 
resistor R28 and M4 to ground. 

(4) In AFC LIM CURR—F. §. 100 UA PO- 
SITION 8, AFC limiter current devel- 
oped in the acquisition AFC unit is ap- 
plied through connector J2-R to meter 
shunt resistor R30 in parallel with M4. 
In AFC XTAL CURR—E. S, 2.5 MA PO- 
SITION 9, AFC XTAL current devel- 
oped in the acquisition AFC unit is ap- 
plied through connector J2-P to meter 
shunt resistor R29 in parallel with M4 
to ground. 

Gj) In SIG XTAL CURR—F. S. 2.5 MA PO- 
SITION 10, signal crystal current devel- 
oped in the acquisition IF preamplifier 
is applied through connector J3-J to me- 
ter shunt resistor R31 in parallel with 
M4 to ground. 

(&) In REC NOISE TEST—F. S. 100 POSI- 
TION 11, the receiver noise output de- 
veloped in the switching and mixer unit 
located in the director station group is 
applied through connectors J3-K and 
J3-L to M4. When $3 is in the NORM 
position and $7 is in position 11, M4 is 
shorted through contacts 4-5 of $3. 

(12) TEST 1 switch 8. Operation of TEST 1 
switch $8 connects TEST 1 meter M5 to 
monitor magnetron current and power 
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supply voltages in the acquisition antenna- 
receiver-transmitter group. 

(2) In AVE MAG CURR—F. 8. 50 MA PO- 
SITION 1, magnetron current is applied 
through J2-N, K4 and resistor R33 in 
parallel, and the series combination of 
multiplier resistor R35 and M5 in par- 
allel with meter shunt resistor R34 to 
ground. Magnetron current is also 
applied through resistor R32 and con- 
nector JI-M to the MAGNETRON 
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meter on the acquisition control-indi- 
cator. 

(6) In +150V SUPPLY—F, S. 500V POSI- 
TION 2, the +4-150-volt supply is ap- 
plied through multiplier resistors R36 
and R35 and M5 to ground. 

{c) In +250V SUPPLY—F. S. 500V POSI- 
TION 3, the +250-volt supply is ap- 
plied through multiplier resistors R37 
and R35 and M5 to ground. 

(4d) In —250V SUPPLY—F. S. 500V PO- 
SITION 4, the —250-volt supply is ap- 
plied through multiplier resistors R40 
and R35 and M5 to ground. 

(e) In +270V SUPPLY—F, S, 500V POSI- 
TION 5, the +270-volt supply is applied 
through multiplier resistors R38 and 
R35 and MS to +270V (GND). 

(f) In +320V SUPPLY—F. S. 500V POSI- 
TION 6, the +320-volt supply is applied 
through multiplier resistors R39 and 
R35 and M5 to ground. 

(13) SYNC connector J5 and VIDEO connector 
J6. The acquisition transmitter sync 
pulse, developed in the acquisition-track 
synchronizer located in the director station 
group, is applied to connector J3-H and is 
available for monitoring at SYNC connec- 
tor J5, IFF video is applied to connector 
J3-B and is available for monitoring at 
VIDEO connector J6. Two 120-volt, 400- 
cps convenience outlets, J4A and J4B, pro- 

vide power for external test equipment. 
¢, Acquisition RF Power Supply Control 8158120. 
Beginning with system 1146, acquisition RF power 
supply control 8158120 replaces acquisition RF 
power supply control 9000009. In acquisition RF 
power supply control 8158210, an adjustable bias 
supply consisting of transformer T4, diode CR1, re- 
sistors R42, R43, R44, and capacitor C5 is added to 
correct an error in the noise figure readings. The 
ptimary of transformer T4 is energized by a single 
phase, 120-volt, 400-cps input. The voltage induced 
in the secondary of T4 is then applied to diode 
CR1. The rectified output of CR1 is applied to filter 
circuit R42 and C5 and the dc output of this circuit 
is applied to voltage divider resistors R43 and R44. 
A bias voltage is then tapped off METER ZERO 
variable resistor R44 and is used to neutralize the 
detector contact potential, permitting 2 correct noise 

reading to be obtained. 
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78 (U). Miscellaneous Cabinet-Mounted 
Components of Acquisition Receiv- 
er-Transmitter 8515397 

a. General. This paragraph briefly describes the 
function of the miscellaneous cabinet-mounted com- { 
ponents of the acquisition receiver-transmitter. 

Note. The key letter-enumber combinations shown in 
parentheses in b below refer to figure 55. TM 9-1430-257- 
20 unless otherwise indicated. 

b. Detailed Theory. 

(1) Filter networks for acquisition AFC. The’ 
ac power supply, de power supply, crystal 
current, and limiter current connections to 
the acquisition AFC are decoupled from 
the 60-megacycle signals by filter nerworks 
(D10), Resistor R15 and capacitor CLOA 
decouple at AFC crystal current connector 
J14-6. Resistor R17 and capacitor C10B de- 
couple at AFC limiter current connector 
J14-4, Resistor R21 and capacitor CLA 
decouple at —250-volt power supply con- 
nector J14-2. Resistor R19 and capacitor 
C11B decouple at +150-volt power supply 
connector J14-7, Resistor R23 and capacitor 
C12A decouple at +250-volt power supply 
connector J14-8. 

(2) INTLK switch $1 and interlock switch $3. 
INTLK switch $i (D4) is mounted flush 
with the cover of the acquisition receiver- 
transmitter. Interlock switch $3 is mounted 
flush with the cover of the magnetron hot 
box. When closed, these switches complete 
part of the ground path which is applied 
to terminal 2 of end relay K1 located on the 
20-30-second delay timer. This permits 
high voltage to be applied to the acquisi- 
tion receiver-transmitter. When the covers 
associated with either of these switches are 
opened, the switches open and high voltage 
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is removed from the acquisition receiver- 
transmitter. This protects maintenance per- 
sonnel from possible injury due to electric 
shock. 

(3) Inductor L1 and TACH PHASE ADJ] vari- 
able resistor R2. Inductor L1 (B5) is dis- 
cussed in paragraph 646 (2) (¢) and TACH 
PHASE ADJ variable resistor R2 (C9) is 
discussed in paragraph 766 (2) (6). 


( 
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78.1 (U). Acquisition RF Power Supply 
Control 9156017 

a, General. The acquisition RF power sup- 
ply control (fig. 58.1, TM 9-1480-257-20) con- 
sists of a regulated —800-volt power supply, 
voltage and current monitoring circuits, volt- 
age control circuits, and miscellaneous switch- 
ing circuits. The unit functions are listed in 
(1) through (10) below. 

(1) Supplies keep-alive voltage for the 
acquisition receiver transmitter TR. 
tube. 

(2) Supplies operating voltages for the 
traveling wave-tubes in the magnetic 
circuits. 

(3) Provides monitoring for critical cur- 
rents in the traveling wave-tubes in 
the magnetic circuits. 

(4) Supplies repeller plate voltage for 
the local oscillator. 

{5) Provides monitoring for critical volt- 
ages and currents applied to various 
units of the acquisition antenna-re- 
ceiver-transmitter group. 

(6) Provides local control of IF preampli- 
fier gain. 

{7) Provides local control of the noise 
generators. 

(8) Provides local control of magnetron 
frequency. 

(9) Provides local control of AFC motor 
excitation. 

(10) Provides facilities for local monitor- 
ing of the acquisition transmitter syne 
pulse and IFF video pulse. 

b. Detailed Theory. The detailed theory of 
acquisition RF power supply control 9156017 
(fig. 58.1, TM 9-1430-257-20) is essentially the 
same as the theory of acquisition RF power 
supply control 8158120 or 9000009 discussed in 
paragraph 77 except for the added variable 
resistors, meters, and switches used to monitor 
identical circuits in the added magnetic cir- 
cuit for the auxiliary receiver channel and 
switching circuits for the auxiliary noise gen- 
erator, 


78.2 (U). Receiver-Transmitter 
Subassembly 9156632 
Receiver-transmitter subassembly 9156632 
(fig. 58.1, TM 9-1430-257-20) consists of pre- 
selector cavities 9990523 and 9990524, AFC 
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motor generator 7605334, and the acquisition 
local oscillator 7599343. 


78.3 (U). Auxiliary Frequency Converter 
9990516 
The operation of auxiliary frequency con- 
verter 9990516 is identical to that discussed in 
paragraph 73. The output is used in the auxil- 
iary IF channel and is applied to the input of 
the auxiliary IF amplifier 9156573. 


78.4 (U). Main Frequency Converter 
9989320 
The operation of main frequency converter 
9989320 is identical to that discussed in para- 
graph 70. 


78.5 (U). Acquisition AFC 9156541 

a. General. Acquisition AFC 9156541 per- 
forms the same function as acquisition AFC 
9143080 discussed in paragraph 74 except for 
the differences discussed in b below. 

b. Detailed Theory. The theory of operation 
of acquisition AFC 9156541 (fig. 57.1, TM 9- 
1430-257-20) is similar to the theory of opera- 
tion of acquisition AFC 9142030 discussed in 
paragraph 74 except for paragraph 576(10) 
which is replaced by (1) (a) through (e) be- 
low. 

Note. All components below are referenced to figure 
57.1 TM 9-1430-257-20 unless otherwise indicated. 

(1) Relay amplifiers V11A and V11B. 

(a) Normal operation. When the acqui- 
sition local oscillator frequency is 
60 +5 megacycles above the acqui- 
sition magnetron frequency, the 60 
+5-megacycles IF signals passed 
by V1, V2, and V3 develop limiter 
bias voltage at the grid of V4. The 
limiter bias voltage is applied from 
V4 through the low pass filter com- 
posed of resistor R23 and capacitors 
C35 and C5 to the grid of V11A, 
biasing V11A to cutoff. A positive 
bias voltage is applied to the grid 
of V11B through the voltage divider 
composed of plate resistor R53 and 
resistors R65 and R64 connected 
between the —250- and +250-volt 
supplies. The positive bias voltage 
causes V11B to draw grid current, 
which reduces the grid voltage to 
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(b) 
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zero and induces plate current 
through V11B and the solenoid 
winding of hunt relay K1. Relay K1 
energizes, closing contacts 2 and 3. 
This disconnects the hunt signal at 
P2-11, and bypasses C34 in the sig- 
nal out circuit of V10 B to ground. 
The AFC motor-generator is con- 
trolled by the error pulse output of 
V5, which operates modulators 
V8A, V8B, V9A, and V9B. 
Auto-search operation—general. 

If the acquisition local oscillator 
frequency is more than 65 mega- 
cycles above the acquisition mag- 
netron frequency, the IF signals 
are outside of the 10-megacycles 
bandpass; are not passed by V1, 
V2, and V3. Limiter bias volt- 
age is no longer developed at the 
grid of V4 and applied to the 
grid of VILA. The absence of 
limiter bias voltage at the grid 
causes V11A to conduct, resulting 
in a reduced plate voltage which 
is then applied through the volt- 
age divider composed of R53, 
R65, and R64 to the grid of 
V11B, causing V1iB to cut off. 
Current through the winding of 
K1 stops, causing K1 to deener- 
gize. An ac auto-search signal, 
which can be either in or out of 
phase with V1OB output is ap- 
plied as an artificial drive volt- 
age from P2-11 through contacts 
1 and 3 of K1 and R70 to P1-1, 
where it is summed with the sig- 
nal output. Modulators V8A, 
V8B, V9A, and V9B are operated 
by the detector V5 de volts out- 
put generated by the frequency 
deviation, causing the AFC mo- 
tor-generator to retune the ac- 
quisition local oscillator to restore 
the 60-megacycle IF. 


2. Capacitor C34, connected from 


contact 3 of K1 to ground, is in 
the circuit only when the acqui- 
sition AFC is in auto-search oper- 
ation (contacts 1 and 3 of K1 
closed), and functions as a transi- 
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ent noise filter. RELAY AMP 
ADJ variable resistor R66 in the 
cathode circuit of V11A controls 
the operation of K1 by limiting 
current in ViI1A. Variable re- 
sistor R66 is adjusted to assure 
that the plate voltage drop of 
V11A does not cut-off V11B until 
limiter bias voltage is removed 
from the grid of VILA. 

In order to explain auto-search 
operation, the following three re- 
lationships between acquisition 
local oscillator frequency and ac- 
quisition magnetron frequency 
are presented: local oscillator 
frequency more than 65 mega- 
eycles above the magnetron fre- 
quency ; local oscillator frequency 
more than 65 megacycles below 
the magnetron frequency; and 
local oscillator frequency less 
than 55 megacycles above magne- 
tron frequency. In each of these 
conditions, it is assumed that 
limiter bias voltage is removed 
from the grid of V11A and that 
K1 is deenergized. 


(ce) Local oscillator frequency more than 
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65 megacycles above magnetron 
frequency. 

The acquisition local oscillator is 
operating at the high end of its 
frequency range, more than 65 
megacycles above magnetron fre- 
quency (A, fig. 75). Limit switch 
818 (fig. 76.1), mechanically 
operated by the AFC motor-gen- 
erator, is normally in the closed 
position, applying a potential of 
—28 volts through S18 to AFC 
motor reversing relay K3 located 
in the acquisition RF power sup- 
ply control. Relay K3 energizes, 
causing contacts 2 and 8 to close. 
An ac auto-search signal is de- 
veloped in the acquisition AFC 
across the voltage divider com- 
posed of resistors R56 and R9, 
located in the acquisition RF 
power supply control, in parailel 
and resistor R54, connected from 
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ground to terminal 3 of trans- 
former T8. Resistor R9 is con- 
nected from the junction of R54 
and R56, through connector P2-9 
and contacts 6 and 4 of normally 
deenergized AFC release relay 
K2 to ground. 

The ac auto-search signal is ap- 
plied through P2-9, contacts 2 
and 3 of K8, P2-11, contacts 1 
and 8, of K1, R70, and Pl-1 to 
the AFC motor-generator, which 
retunes the local oscillator to a 
lower frequency, resulting in a 
lowered IF. When the local os- 
cillator frequency is 60 +5 mega- 
cycles above the magnetron fre- 
quency, the IF signals can be 
passed by V1, V2, and V3. Asa 
result, limiter bias voltage is 
again developed at the grid of V4 
and applied to the grid of V11A. 
Amplifier V11A is cut off, causing 
V11B to conduct and energize K1. 
Contacts 2 and 8 of K1 close, re- 
moving the drive voltage from 
P1-1. 


(d) Local oscillator frequency more 


than 65 megacycles below magne- 
tron frequency. 


1. The acquisition local oscillator is 


operating at the low end of its 
frequency range, more than 65 
megacycles below the acquisition 
magnetron frequency (B, fig. 75). 
The ac auto-search voltage is ap- 
plied to P1-1 (fig. 76.1), causing 
the AFC motor-generator to re- 
tune the acquisition local oscilla- 
tor to a lower frequency. At the 
low frequency limit of the acqui- 
sition local oscillator tuning 
range, 518 is mechanically actu- 
ated by the AFC motor-genera- 
tor, removing the —28 volts from 
K8. Relay K8 deenergizes, caus- 
ing contacts 3 and 1 to close. An 
ac auto-search signal is developed 
in the acquisition AFC across the 
voltage divider composed of re- 
sistors R57 and R55, connected 
from ground to terminal 1 of TS. 
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2. This ac auto-search signal is 


shifted 180 degrees in phase from 
the ac signal which is developed 
across the divider composed of 
R54 and R56 because the center 
tap of T8 is grounded. The ac 
auto-search signal is applied 
through connector P2-7, contacts 
1 and 3 of K8, P2-11, contacts 
1 and 3 of K1, R70, and connector 
P1-1 to the AFC motor-generator, 
which retunes the local oscillator 
to the high frequency limit of its 
tuning range. The phase shift 
of 180 degrees in the ac auto- 
search signal causes the motor to 
reverse direction of rotation 
when K3 operates. At the same 
time, the grid of V11A is 
grounded through connector P2-8 
and contacts 4 and 6 of K3. The 
grounded grid makes V11A in- 
sensitive to limiter bias voltage 
developed at the grid of V4 when 
the acquisition local oscillator 
passes through the sidebands 
which are +60 megacycles from 
the acquisition magnetron fre- 
quency. The ac auto-search sig- 
nal overrides any error pulses 
produced by V5. This prevents 
the acquisition local oscillator 
from locking on the 60-megacycle 
IF as the local oscillator fre- 
quency passes through the lower 
and upper sidebands. 


. When the AFC motor-generator 


has retuned the acquisition local 
oscillator to the high frequency 
limit of its tuning range, S13 is 
again mechanically actuated by 
the AFC motor-generator and 
—28 volts is again applied through 
S18 to K3. Relay K3 energizes, 
causing contacts 3 and 2 to close. 
The ac auto-search signal at P2-9 
is applied through contacts 2 and 
3 of K3 and contacts 1 and 8 of 
K1 to P1-1, reversing the direc- 
tion of rotation of the motor-gen- 
erator. Contacts 4 and 6 of K3 
opens, disconnecting ground from 
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the grid of V11A. The ac auto- 
search signal causes the AFC 
motor-generator to retune the ac- 
quisition local oscillator to a lower 
frequency. The acquisition local 
oscillator locks on the 60 +5- 
megacycle upper sideband as de- 
scribed in (2) above. 


(e) Local oscillator frequency less than 


55 megacycles above magnetron 
frequency. 

1. The acquisition AFC is prevented 
from locking on the upper or 
lower sidebands during the time 
the acquisition local oscillator is 
being tuned from the low to the 
high frequency limit of its tuning 
range. However, a condition of 
the auto-search circuits near the 
lower 60 +5-megacyele sideband 
causes erratic operation of the ac- 
quisition local oscillator. This 
condition occurs when the differ- 
ence frequency between the local 
oscillator frequency and magne- 
tron frequency is less than +55 
megacycles (C, fig. 75). 

2. Limiter bias voltage is removed 
from the grid of VILA (fig. 76.1), 
causing V11A to conduct and de- 
energize K1. The ac auto-search 
signal is applied to P1-1, causing 
the AFC motor-generator to re- 
tune the local oscillator to a lower 
frequency. The grid of V11A is 
not grounded through K8 at this 
time, since the local oscillator is 
not at the low frequency limit of 
its tuning range, and the AFC 
motor-generator has not actuated 
$13. When the acquisition local 
oscillator is retuned to a frequen- 
cy which is 60 +5 megacycles be- 
low the acquisition magnetron 
frequency, limiter bias voltage is 
developed at the grid of V4 and 
applied to the grid of V11A. The 
limiter bias voltage cuts off VIIA, 
causing K1 to energize. 

8. The acquisition AFC attempts to 
resume normal operation. How- 
ever, the polarity of the error 
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pulses developed by V5 at the 60 
+5 megacycle lower sideband are 
opposite to the polarity of the 
error pulses developed by V5 at 
the 60 +5-megacycle upper side- 
band. The error pulses cause the 
AFC motor-generator to retune 
the acquisition local oscillator to 
a higher frequency. Limiter bias 
voltage is again removed from 
the grid of V11A, causing V11A 
to conduct and deenergize Ki. 
The ac auto-search signal is again 
applied to Pl-1, causing the AFC 
motor-generator to reverse its 
direction of rotation and retune 
the acquisition local oscillator to 
a lower frequency which again 
approaches the lower sideband. 
This hunting by the acquisition 
local oscillator continues. Hunt- 
ing is indicated by the flashing of 
AUTO FREQ. control-hunt in- 
dicator light 18 located on the 
acquisition RF power supply con- 
trol, and AFC-HUNT indicator / 
light 14 located on the acquisition 
control-indicator. These two neon 
indicator lights are operated 
when the output of the low-power 
servo amplifier exceeds +40 volts. 


. To correct the hunting action by 


the acquisition local oscillator and 
to reestablish normal AFC opera- 
tion, AFC-RELEASE switch S4 
(located on the acquisition RF 
power supply control) or AFC- 
RELEASE switch S10 (located 
on the acquisition and IFF con- 
trol indicator) must be operated. 
Operation of either $4 or S10 ap- 
plies a ground to K2, causing K2 
to energize. Contacts 2 and 3 of 
K2 close, grounding the grid of 
V11A through P2-18. Amplifier 
V11A conducts, causing K1 to de- 
energize. Since contacts 4 and 6 
of K2 are now open, R9 is re- 
moved from the voltage divider 
leaving only R54 and R56 con- 
nected from ground to terminal 
3 of T8. An increased ac auto- 


te 


search developed across R56 is 
applied through P2-9, contacts 2 
and 8 of K8, P2-11 and contacts 
1 and 3 of K1 to Pl-1 which 
overrides the error pulses pro- 
duced by V5, causing the AFC 
motor-generator to retune the ac- 
quisition local oscillator to the 
low frequency limit of its tuning 
range. From the low frequency 
limit of the acquisition local os- 
cillator tuning range, the auto- 
search operation is the same as 
that described in (¢)2 above. 


78.6 (U). Auxiliary IF Amplifier 9156573 

a. General. Two auxiliary IF amplifiers are 
used when the antijam display modification is 
installed. The input to each amplifier is the 
60-megacycle output from the frequency con- 
verter, with each amplifier providing two IF 
outputs. A crystal current output for external 
metering is also provided. 

b. Detailed Theory. 

(1) The auxiliary IF amplifier is com- 
prised of two grounded grid ampli- 
fier stages V1 and V2, thereby per- 
mitting maximum gain with a mini- 
mum of noise. 

(2) The 60-megacycle signal is applied 
through IF IN connector P1, and is 
coupled through capacitor C1 to the 
eathode of grounded grid amplifier 
V1. Resistor R1 is the cathode resis- 
tor which sets the grid lines operating 
point and capacitor C2 stabilizes this 
voltage. Inductor Li tunes the input 
circuit to the desired frequency. The 
output of V1 is developed across the 
primary of transformer T1, and is 
coupled from the secondary of T1 to 
the cathode of grounded grid amplifier 
V2. Transformer T1 is tuned to ob- 
tain the desired frequency response by 
the tuning circuit consisting of capa- 
citors C8 and C4 and inductor L2. Un- 
bypassed cathode resistor R2 allows 
negative feedback to stabilize the am- 
plifier gain. The output of V2 is de- 
veloped across the primary of trans- 
former T2, with resistor R3 broaden- 
ing the frequency response. The sec- 
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ondary of T2 is tuned to the desired 
frequency by capacitors C5 and C6. 
Resistors R4 and R5 function both as 
output matching resistors and as a 
voltage divider for deriving a low 
amplitude output at connector J3 
from the high amplitude output ap- 
pearing at connector J2. 

(8) Capacitors C7, C8, and C9 in con- 
junction with networks Z1 and Z2 
provide decoupling for the plate volt- 
age power supply. Inductors L3, L4, 
and LS5 in conjunction with capacitors 
C10, Cll, and C12 form a low pass 
filter which removes the ac component. 
from the 60-megacycle input, but 
passes a de crystal current through 
connector J1-A to the external meter- 
ing circuit. Inductors L6, L7, and L8 
with capacitors C18, C14, and C15 de- 
couple the filaments and prevent RF 
from entering the filament trans- 
former, 


78.7 (U). IF Amplifier 9156675 
a. General. IF amplifier consists of relays 
K1 and K2, network Z2, and acquisition IF pre- 
amplifier 7620695. Refer to figure 55.1, TM 

9-1430-257-20 for all references. 

b. Detailed Theory. 
(1) Theory of acquisition IF preamplifier 
7620695 is covered in paragraph 72. 
(2) Relay Ki, when energized, switches 
the sync pulse to the modulator off. 
When deenergized, relay Ki allows 
the sync pulse to pass to the modu- 
lator. 
(8) Relay K2, when deenergized, termi- 
nates the input from the auxiliary 
IF channel and applies the input 
from the main IF channel to the ac- 
quisition IF preamplifier. When en- 
ergized, relay K2 terminates the in- 
put from the main IF channel and ap- 
plies the input from the auxiliary IF 
channel to the acquisition IF pream- 
plifier. 

(4) Network Z2 watches the output of 
the acquisition IF preamplifier from 
J1 to the input of coaxial line con- 

nected to connector P7. 


210.5 


TM 9-1430-250-35 cs 


78.8 (U). Acquisition Preselector Cavities trically identical to the acquisition preselector 
9990523 and 9990524 7621790 discussed in paragraph 69. One of 

the cavities is used for the main IF channel 

Acquisition preselector cavities 9990523 and and the other cavity is used for the auxiliary 


9990524 (fig. 55.1, TM 9-1430-257-20) are elec- IF channel. 
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CHAPTER 7 (U) 


ACQUISITION ANTENNA 
ee SS ee eS a 


79 (U). General 

Acquisition antenna 9000289, 8158132, or 
9156580 is a pillbox-and-reflector type antenna 
which is used by the acquisition radar system 
to radiate and receive RF energy. The antenna 
is driven in azimuth through 360° by a three- 
phase motor which provides antenna rotational 
speeds of either 5, 10, or 15 rpm. The reflector 
portion of the antenna is controlled by a hy- 
draulic contro! unit in a manner which permits 
the elevation and pattern of the transmitted 
beam to be varied. The pillbox, reflector assem- 
bly, and hydraulic control unit are enclosed in 


a lightweight fiberglass radome for protection 
against weather and birds or insects. Figure 
79 shows the acquisition antenna with radome 
removed. 


80 (U). Reflector Assembly 


a. As shown in figure 80, the reflector assem- 
bly is composed of a primary reflector and a 
secondary reflector, both of which are in the 
form of gratings. The gratings are made up 
of many evenly spaced horizontal metallic 
bars, approximately 15 feet in length and 
placed so that they form a_ parabolic 


Figure 79 (U). Acquisition antenna—rear view—radome removed. 
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PRIMARY REFLECTOR, 


DEFLECTOR: 


Figure 80. (U) Acquisition antenna—refector assembly and pillbow. 


cross section, The secondary reflector is mounted 
so that it can be either fully retracted into the pri- 
mary reflector and become a geometric part of it, 
or injected into the lower half of the concave sur- 
face to change the curvature of the reflector as- 
sembly. The secondary reflector is shown fully 
retracted in A, figure $1, and fully injected in B, 
figure 81. With the secondary reflector fully re- 
tracted, the antenna radiates a long-range pencil- 
shaped beam of RF energy. 
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b. With the secondary reflector fully injected, 
the antenna radiates a shorter range fan-shaped 
beam of RF energy. The fan-shaped beam is not. 
symmetrical with the axis of maximum radiation; 
rather, it follows a consecant-squared pattern, 
radiating more RF energy above the axis than be- 
low it, This results in greater elevation coverage 
for the acquisition radar system. Injection occurs 
automatically at a predetermined point during the 
time the reflector assembly is being tilted upward. 
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Figure 81. (U) Acquisition antenna—secondary reflector retracted and injected. 
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Retraction is likewise automatic and occurs dur- 
ing the time the reflector assembly is being tilted 
downward. Injection or retraction is completed 
in 1° of reflector assembly travel. The point in 
the tilt cycle at which injection and retraction 
occur is dependent on the vertical scan mode that 
is selected by the operator. Four vertical scan 
modes have been adopted for use in the acquisition 
radar system. A complete discussion of vertical 
scan and elevation coverage is contained in para- 
graph 84. 


81. Pillbox 


The pillbox (fig. 82) is a parabolic cavity which 
couples RF energy from the waveguide to the re- 
flector assembly. The pillbox receives the RF 
energy from the waveguide connected at the wave- 
guide feedpoint (fig. 80 and A, fig. 82). The RF 
energy radiates toward the parabolically curved 
wall of the pillbox (B, fig. 82). The energy is re- 
flected from the curved wall and is radiated back 
toward the bend-and-flap (deflector) at the front 
of the pillbox. The reflected energy is in phase 
with the energy radiated from the feedpoint. The 
feedpoint is offset 1 inch from the focal point of 
the pillbox to prevent standing waves from oc- 
curring at the feedpoint. Standing waves, if per- 
mitted to occur at the feedpoint, would produce an 
impedance mismatch between waveguide and pill- 
box, thus causing a loss of RF energy. The bend- 
and-flap (deflector) directs the RF energy, 
received from the curved wall, toward the gratings 
of the reflector assembly mounted above the 
pillbox. 


82. Hydraulic Control Unit 8607284 and 
Cylinders 8011415 and 8011416 


a. The hydraulic control unit 8607284 (fig. 83) 
develops and controls oil pressure to motivate two 
cylinders which tilt the reflector assembly to per- 
mit vertical scan, Each cylinder is designated in 
terms of the portion of the reflector assembly 
which it operates. Thus, the cylinder which tilts 
the primary reflector is termed the primary hy- 
draulic cylinder 8011416; the cylinder which tilts 
the secondary reflector is termed the secondary 
hydraulic cylinder 8011415. 


6. The primary hydraulic cylinder (fig. 84) is 
a cylinder-piston mechanism which is anchored to 
the antenna base, The movable piston shaft of the 
cylinder is mechanically coupled to the back side 
of the primary reflector. The primary hydraulic 
cylinder tilts the primary reflector upward when 
hydraulic oil pressure is applied to the lower face 
of the cylinder piston, and downward when pres- 
sure is applied to the upper face of the piston. 
The brake on the cylinder is spring-loaded and 
serves to clamp the cylinder piston shaft in posi- 
tion when oil pressure in the hydraulic lines falls 
below 50 pounds per square inch (psi). The sec- 
ondary hydraulic cylinder (fig. 85) is similar to 
the primary hydraulic cylinder, except that both 
ends of its piston shaft are mechanically coupled 
to the back side of the secondary reflector by means 
of the secondary-reflector control linkage (fig. 83). 

¢. Oil pressure to and from the hydraulic eylin- 
ders is channeled by the hydraulic control unit 
(figs. 86 and 87}. The hydraulic control unit de- 
termines vertical movement of the reflector assem- 
bly and is controlled either by ANTENNA— 
ELEVATION scan switch $6 located on the ac- 
quisition control-indicator of the battery control 
console or by jogging switch S1 located on the 
underside of the hydraulic control unit. The hy- 
draulic control unit contains the following: an oil 
reservoir, a motor-driven centrifugal pump, a 
cartridge-type oil filter, a relief valve, an oil pres- 
sure gage, a distribution block, a solenoid valve, 
a valve assembly, two check valves, two cam-type 
momentar ntact limit switches (upper and. 
lower), an injection piston, and a hydraulic con- 
trol relay assembly. The function of the AN- 
TENNA—ELEVATION scan switch and the hy- 
draulic control relay assembly is discussed in 
paragraph 83. 

(1) The oil reservoir (fig. 88) stores the oil 
required for use by the hydraulic system. 

(2) The motor-driven centrifugal pump (fig. 
89} develops and maintains pressure on 
the oil, The pump is of the rotary type 
and is directly driven by a three-phase 
motor. Both pump and motor are en- 
closed in a common housing. 

(3) The cartridge-type oil filter (fi; 90) is 
used for filtering the oil passed by the 
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Figure 8. (U) Pillwow. 
centrifugal pump. Oil flows from the tenance intervals to maintain good filter- 
oil pump through the IN port and ing action. 
around the filter cartridge. The filter (4) The relief valve (fig. 91) prevents oil 
cartridge collects dirt and other foreign pressure in the hydraulic system from 
matter on the outside, allowing the fil- exceeding 250 psi. This valve operates. 
tered oi] to flow through the inside of on the principle of the spring-loaded ball 
the cartridge to the OUT port. The poppet. The tension of the spring is ad- 
cartridges are replaced at regular main- justed so that the poppet remains seated. 
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Figure 83. (U) Acquisition antenna—hydrantie control unit, cylinders, and control linkage. 
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Figure 84. (U) Primary hydraulic cylinder and brake. 
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as long as the pressure in the system re- 
mains below 250 psi. Pressure in excess 
of 250 psi overcomes the tension of the 
spring and unseats the poppet. At this 
point, oil pressure in excess of 250 psi is 
allowed to pass through the relief cham- 
ber of the valve and enter the return line 
to the oil reservoir. 

The oil pressure gage is connected to the 
pressure chamber of the relief valve. The 
gage is graduated to read 0 to 600 psi. A 
reading of 10 to 20 psi is considered nor- 
mal when the reflector assembly is at a 
static elevation. A reading of 250110 
psi is considered norma) during the time 
that the reflector assembly is being tilted. 
The distribution block (fig. 92) acts as 
a junction for oil to and from other func- 
tional parts of the hydraulic system. 
The distribution block has two channels, 
4 pressure channel which receives and dis- 
tributes oil at a pressure of 250 psi, and 
a return channel which collects excess and 
used oil for return to the oil reservoir. 
The solenoid valve (fig. 93) is composed 
of a spring-loaded selector valve and two 
two electrically operated solenoids (up 
and down). The selector valve provides 
two possible paths for channeling oil 
pressure to the primary hydraulic 
cylinder. One path (A, fig. 93) channels 
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hydraulte cylinder and brake. 


(8) 


oil pressure to the bottom face of the 
cylinder piston for elevating the reflector 
assembly. The other path (B, fig. 93) 
channels oil pressure to the top face of 
the cylinder piston for depressing the re- 
flector assembly. The path for the oil 
pressure depends on the position of the 
movable portion of the valve; this posi- 
tion is determined by the solenoid that is 
energized. Jf neither of the two 
solenoids is energized, the selector valve 
is held at center position by the action of 
the springs. At center position (, fig. 
93), oil flows into and out of the valve 
which channels the oil directly back to the 
resecvolr, Thus, the oil pressure is 
diverted from paths leading to the 
primary hydraulic cylinder, 

The two identical check valves (figs. 94 
and 95), designated “up” and “down”, 
respectively, determine the rate of flow of 
oil returned from the primary hydraulic 
cylinder to the reservoir. When the “up” 
solenoid of the solenoid valve is energized, 
oil pressure flows into the “down” check 
valve (fig. 94), unseats the spring-loaded 
ball poppet, and continues unrestricted to 
the cylinder of the primary hydraulic 
cylinder. This causes the primary hy- 
draulic cylinder piston to move in a diree- 
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Figure 86. (U) Hydraulic control unit—front view—cover removed. 


tion that tilts the reflector assembly 
upward and forces oil out of the cylinder. 
The oi] that is forced out of the cylinder 
passes through the “up” check valve to 
enter the return line to the reservoir. 
However, the ball poppet of the “up” 
check valve cannot be unseated when pres- 
sure is applied to its back side. There- 
fore, the oil must bypass the poppet and 
enter the return line through the spring- 
loaded plunger. The amount of oi] flow 


through and around this plunger is deter- 
mined by the spring tension on the 
plunger. When spring tension is in- 
creased, the flow of oil is proportionately 
restricted. This causes back pressure to 
develop on the primary hydraulic cylin- 
der piston, The back pressure acts to 
slow the movement of the piston, thereby 
slowing the movement of the reflector as- 
sembly. When the “down” solenoid of 
the solenoid valve is energized, the above 
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Figure 87. (U} Hydraulic control unit—rear view—cover removed. 


action is duplicated, except that the func- 
tion of the check valves is interchanged 
(fig. 95). The pressurized oil is now 
directed to the primary hydraulic cylin- 
der through the “up” check valve. The 
“down” check valve, in this case, performs 
the function of developing back pressure 
for the cylinder piston. 

The valve assembly (fig. 96) channels 
pressurized oil to and from the secondary 
hydraulic cylinder. The valve assembly 
is similar to the solenoid valve, except 
that it is mechanically operated. The 
spring-loaded movable portion of the 
valve assembly is coupled to the primary 
reflector of the reflector assembly by 


means of the injection-control rod (fig. 

83). As the primary reflector is tilted 
up or down, the position at which the 
injection-control rod operates the mova- 
ble portion of the valve assembly (fig. 96) 

ig reached. At this point, the valve as- 
sembly admits pressurized oi] into the 
cylinder of the secondary hydraulic eyl- 
inder, Since there are no check valves 
to restrict oil forced out of the cylinder, 

the cylinder piston feels no back pressure 
and is caused to move rapidly to the 
extreme end of the cylinder. This is the 
only difference between primary and sec- | 
ondary hydraulic cylinder action, Thus, 
the secondary reflector is injected and 
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Figure 89. (U) Motor-driven centrifugal pump. 


retracted rapidly when the reflector as- 
sembly is tilted up and down, respectively. 
(10) The upper limit switch and lower limit 
switch (fig. 97) contrel the limits of re- 
flector assembly tilt during automatic 
vertical scan operation of the antenna. 
‘The limit switches are of the momentary- 
contact type and are operated alternately 
by a cam on the injection-control rod. 
The contacts of the upper limit switch 
are normally closed. The contacts of the 
lower limit switch are normally open. 
The limit switches, together with AN- 
TENNA—ELEVATION scan switch 
86, located on the acquisition control- 
indicator and the hydraulic control relay 
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Figure $1. (UW) Relief valve and oil pressure guge. 


assembly, act to control the solenoid. 
valve. 

d, Figure 98 is a. simplified drawing showing 
the channeling of oi] pressure and the position of 
hydraulic system elements during an upward tilt. 
of the reflector assembly. With three-phase power 
applied to the centrifugal pump motor, oil under 
pressure flows from the oil pump through the oil 
filter and into the relief valve. The relief valve is 
connected to two lines feeding the input side of 
the distribution block. 

e. In the distribution block, one line directs oil 
pressure in excess of 240 psi back to the reservoir; 
the second line directs oil pressure of 250 psi into 
three paths on the output side of the distribution 
block. One of these paths leads to the brakes; the 
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Figure 92. (U) Distribution block. 


second of these paths leads to the solenoid valve; 
and the third path leads to the valve assembly. 
Since the “up” solenoid is energized for an upward. 
tilt of the reflector assembly, the movable portion 
of the solenoid valve is in the position shown, 

f. In this position, the solenoid valve channels 
oil pressure through the “down” check valve to 
the lower face of the piston in the primary hy- 


draulic cylinder. This causes the primary reflec- 
tor to be tilted upward. Oil forced out of the 
upper end of the primary hydraulic cylinder is 
returned to the reservoir through the “up” check. 
yalve‘and the return port provided by the solenoid 
valve. The “up” check valve supplies back pres- 
sure which regulates maximum oil flow to ap- 
proximately 1.2 gallons per minute, thus regulat- 
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Figure 98. (U) Solenoid vaive. 
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Figure 95. (U) Check valves—function while depressing reflector assemuby. 


ing the speed at which the reflector assembly is 
elevated. (The “down” check valve assumes this 
regulatory function when the reflector assembly is 
being tilted downward.) 


g. As the primary reflector tilts upward, the 


injection-control rod fastened to it applies me- 
chanical pressure to the top of the spring-loaded 
plunger of the valve assembly. At a predeter- 
mined time (variable with scan mode), the valve 
assembly admits oil pressure through its pressure 
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Figure 96. (U) Valve assembly. 


port to the lower face of the piston in the second- 
ary hydraulic cylinder. This causes the secondary 
reflector to be injected. Oil forced out of the 
upper end of the secondary hydraulic cylinder is 
returned to the reservoir through the return port 
provided by the valve assembly. 


83. Hydraulic Control 
7612085 

a. The hydraulic control relay assembly (fig. 99 
and fig. 63, TM 9-1430-257-20) operates in con- 
junction with the limit switches to apply the 
ground potential necessary for energizing the sol- 
noids of the solenoid valve. ANTENNA—ELE- 
VATION scan switch S6, located on the acquisi- 
tion control-indicator, applies ground to energize 
either the “up” solenoid or the “down” solenoid, 
Switch $6 is a three-position toggle switch, spring- 
loaded between center position and UP position. 

4. When 86 is held manually in the UP posi- 
tion, ground potenital is applied to energize “up” 
relay K3. With K8 energized, ground potential is 
applied through its contacts and those of deener- 


Relay Assembly 


gized limit relay K1 to antenna elevation relay K2. 
Asa result, KQ is energized and its contacts close 
to permit 120-volt, 400-cps, three-phase power to 
be applied to start the hydraulic pump motor. 
With K3 energized, ground is applied to energize 
the “up” solenoid of the solenoid valve. The re- 
flector assembly tilts upward until stopped by the 
bottoming of the primary hydraulic cylinder pis- 
ton against the end of the cylinder. The reflector 
assembly is held in this position or any intermedi- 
ate elevated position due to the action of the pri- 
mary hydraulic cylinder brake. 

e. When the operator releases S6, the switch 
arm of S6 springs back to normal center position, 
thereby deenergizing K3, K2, and the “up” sole- 
noid. With K2 deenergized, the hydraulic pump 
motor is deactivated. The deenergized state of 
the “up” solenoid permits the solenoid valve to 
offer an unrestricted path for oil to the reservoir. 
The unrestricted path through the solenoid valve 
causes a very rapid reduction in oil pressure 
throughout the entire hydraulic system, The 
drop in oil pressure (below 50 psi) permits the 
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Figure 98, (0) Hydraulic system, simplified—showing upward title of reflector assembly. 
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brakes to operate, thus locking the reflector assem- 
bly in the position reached at the time of switch 
release. 

d. When $6 is placed in the DOWN/SCAN 
position, antenna elevation relay K2 is energized 
to start the hydraulic pump motor. At the same 
time, the “down” solenoid of the solenoid valve is 
energized by the ground applied through contacts 
of deenergized relays K1 and K3. The oil pres- 
sure, channeled to the primary hydraulic cylinder, 
at this time is in a direction which causes the re- 
flector assembly to tilt downward. When the 
reflector assembly reaches a predetermined point, 
it causes the normally open lower limit switch to 
be operated to the closed position. In the closed 
position, the lower limit switch permits ground 
to be applied to Ki, thus energizing K1. Con- 
tacts 1 and 3 of K1 open and contacts 2 and 3 of 
K1 close to deenergize the “down” solenoid and 
energize the “up” solenoid. With the “up” sole- 
noid energized, the reflector assembly moves up- 
ward and permits the lower limit switch to be 
restored to its normally open condition. Relay K1 
remains energized by virtue of the ground connec- 
tion completed through holding contacts 4 and 5 
and the contacts of the normally closed upper 
limit switch. 

¢. The reflector assembly tilts upward until it 
reaches a predetermined elevation, at which time 
it operates the upper limit switch, causing the 
switch to open. This deenergizes relay K1 and 
opens contacts 2 and 3 to deenergize the “up” sole- 
noid. When Ki deenergizes, contacts 1 and 3 of 
K1 close to energize the “down” solenoid. Thus, 
the reflector assembly continues to automatically 
scan between elevation limits determined by the 
physical settings of the limit switches when 86 
is in the DOWN/SCAN position. 

f. Jogging switch $1, located on the underside 
of the hydraulic control unit, permits local control 
of reflector assembly elevation for purposes of 
checking mechanical function and making ad- 
justments. When held in one or the other of its 
two operating positions, the jogging switch ap- 
plies ground to energize either the “up” or “down” 
solenoid and at the same time activate the hy- 
draulic system. The jogging switch, when used, 
bypasses the effect of the limit switches and per- 


mits maximum tilt of the reflector assembly. RC 
networks R1-Cl, R2-C2, R3-C3, and R4-C4 pre- 
vent arcing across contacts of the relays in th 
hydraulic control relay assembly. q 


84, Vertical Scan and Elevation Coverage 

a. Four vertical scan modes have been adopted 
for use in the acquisition antenna. Any of these 
four modes can be selected by making two adjust- 
ments in the hydraulic control unit of the antenna. 
The injection adjustment screw (fig. 86), related 
to valve assembly operation, determines the eleva- 
tion angle at which the secondary reflector is in- 
jected. The upper limit adjustment screws posi- 
tion the upper limit switch to set the upper limit 
of automatic vertical scan. The upper limit of 
elevation can be overridden when ANTENNA— 
ELEVATION scan switch $6 on the acquisition 
control-indicator is held manually in the UP 
position. 

b. The vertical scan mode selected for use de- 
pends on the terrain of the radar site and the 
expected altitude of enemy aircraft. The hy- 
draulic system is capable of tilting the reflector 
assembly from a minimum angle of 0° to a relative 
maximum angle of 9°, where 0° is the position of 
the reflector assembly when fully depressed. Re- 
flector assembly elevation is read on the 0° to 9° 
scale in the hydraulic control unit (fig. 86). At 
the 0° elevation, the reflector assembly transmits 
an RF beam, pencil-like in shape, whose axis (line 
through nose of beam and origin) forms a 2° 
angle with the horizontal. Thus, the beam angle 
is 2° when the reflector assembly angle is 0°. 
Each degree of increase in reflector assembly angle 
causes the beam angle to be increased by 2°. The 
beam angle is increased by an additional 2° when 
the secondary reflector is fully injected into the 
reflector assembly. The injection action is com- 
pleted in 1° of reflector assembly tilt. Injection 
changes the beam from pencil shape to fan shape. 
The pencil-shaped beam provides long range, low 
elevation coverage; the fan-shaped (cosecant- 
squared} beam provides shorter range, but higher 
elevation coverage. The degree of tilt of the RF 
beam (beam angle) in mils is read on the AN- 
TENNA—ELEVATION indicator located on the 
acquisition control-indicator. The reading on the 
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ANTENNA—ELEVATION indicator does not 
indicate the 2 additional degrees of elevation 
caused by secondary reflector injection. 
¢. The conditions for the four modes of vertical 
scan are described in (1) through (4) below. 
These scan modes plus data on related AN- 
TENNA—ELEVATION indicator readings and 
area coverage are itlustrated in figures 100 and 
101. 
(1) Vertical scan mode No. 1 (A, fig. 100). 


A pencil beam is radiated at reflector as-, 


sembly angle=0° {beam angle=2°). 
Secondary reflector injection begins at 
this point and injection is completed at 
reflector assembly angle=1° (beam an- 
gle=6°). The 6° beam angle is obtained 
as follows: at reflector assembly angle 
=0, the beam angle is 2°; tilting the re- 
flector assembly 1° elevates the beam 2°; 
and injection of the secondary reflector 
elevates the beam an additional 2°. 
Thus, the total beam angle is 6°. The 
upper limit of reflector assembly tilt in 
scan mode No. 1 is 9° (beam angle=22°). 
The time for a complete up-and-down 
scan is approximately 40 seconds. 

(2) Vertical scan mode No. 2 (B, fig. 100). 
A pencil beam is radiated from reflector 
assembly angle=0° (beam angle=2°) to 
reflector assembly angle=2° (beam angle 
=6°). Secondary reflector injection be- 
gins at reflector assembly angle=2° and 
injection is completed at 8° (beam angle 
=10°). The upper limit of reflector 
assembly tilt in sean mode No. 2 is 4.5° 
(beam angle=13°). The time for a com- 
plete up-and-down sean is approximately 
20 seconds. 

(3) Vertical scan mode Mo. 3 (A, fig. 101). 
A pencil beam is radiated from reflector 
assembly angle=0° (beam angle=2°) to 
reflector assembly angle=4° (beam an- 
gle=10°). Secondary reflector injection 
begins at reflector assembly angle=4° 
and injection is completed at 5° (beam 
angle=14°). The upper limit of reflec- 
a _ assembly. tilt in scan mode No. 3 is 

(beam angle=17°). The time for 


a complete up-and-down scan is approx- 
imately 28 seconds. 

(4) Vertical scan mode No. 4 (B, fig. 101). 
A pencil beam is radiated from reflector 
assembly angle=0° (beam angle=2°) to 
reflector assembly angle=6° (beam an- 
gle=14°). Secondary reflector injection 
begins at reflector assembly angle=6° 
and injection is completed at 7° (beam 
angle=18°). The wpper limit of reflec- 
tor assembly tilt in mode No. 4 is 9° 
(beam angle=22°). The time for a com- 
plete up-and-down scan is approximately 
40 seconds. 


85. Miscellaneous Antenna-Mounted Com- 
Ponents 


a. The regulator valve (fig. 83) is connected in 
series with the line supplying oil pressure to the 
brakes. The purpose of this regulator valve is 
to maintain sufficient oi] pressure against the brake 
springs (figs. 84 and 85) to prevent brake opera- 
tion during the time that automatic scan is taking 
place. In automatic scan, the selector valve of the 
solenoid valve (fig. 98) passes through its center 
position as the “up” and “down” solenoids are 
alternately energized and deenergized. Each 
time this occurs, an unrestricted path for oil to 
the reservoir is completed. This momentarily 
lowers the oil pressure in the hydraulic system 
and, consequently, would lower the oil pressure 
against the brake springs were it not for the action 
of the regulator valve. The regulator valve traps 
the pressure and maintains it against the brake 
springs during the switch-over in the solenoid 
valve. 

6. Synchro transmitter B1 (fig. 102) is me- 
chanically geared to the primary reflector of the 
acquisition antenna and electrically connected to 
a synchro receiver located behind the acquisition 
control-indicator panel. The rotor of the synchro 
receiver drives the ANTENNA—ELEVATION 
indicator located on the panel. This arrangement 
provides an indication in mils of the beam angle, 
neglecting the effect caused by injection of the 
secondary reflector. A complete discussion of 
synchro operation is contained in paragraph 47. 


CONFIDENTIAL ~ 


1 


= 


woeses GONFIDENTIAL 


SCAN MODE fF 


REFLECTOR ASSEMBLY ANGLE -DEGREES 


rs R coe 
BEAM ANGLE ~ DEGREES Roa 
ay ar of 


ANTENNA ELEVATION INDICATOR READING - MILS S 
iwote) Wo a 


e 
a p07 2 
2 BP a a0) ra 
iz o 
© 240 a aa 
g ee s 
2 eS 
mt = 
g = - 
g 
2 160 ee a3 
= = 10 
1 
w INJECTION 
3 =e — I~ COMPLETE 
E ao Thee 
= am 
a = INJECTION 
ee 2066 36—2 “BEGINS 
Zo 
SSS SS ae = ee E> T 
& ° 178,000 280,000 
166,000 
APPROX RANGE - YARDS 
A 

‘NOTE: SCAN MODE 2 

THE READING ON THE ANTENNA- ELEVATION 

INOICATGR DOES NOT INCLUDE THE 2 ADDITIONAL REFLECTOR ASSEMBLY ANGLE ~ DEGREES 

DEGREES OF ELEVATION CAUSED BY SECONDARY ~S 

INJECTION: BEAM ANGLE-DEGREES — rs 

= 
ANTENNA ELEVATION INDICATOR READING-MILS ae 
{NOTE} a 07 
20 
240 - yprer 
Te tS Le S MT, 


160 


80 


APPROX ALTITUDE - THOUSANDS OF FEET 


T 
0 176,000 250900 
p APPROX RANGE - YARDS 
B 


Figure 100, (U) Vertical scan modes No. 1 and No. 2—elevation coverage. 
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Figure 102 (U), Acquisition antenna—left rear view showing synchro transmitter, 


ion Electro-Mechanical 
Vertical Scan System 


a. General. 
(1) Beginning with system 1071, the hy- 


draulic control unit of the acquisition 
antenna is replaced by the electro- 
mechanical unit to provide the vertica! 
scan function. Hydraulic control u. 

8607284 is replaced by electro-mechan- 
ical control box 9007806 (fig. 103). 
Hydraulic control relay assembly 
7612085, a part of the hydraulic con- 
trol unit, is replaced by electro- 
mechanical control panel 9154368 in 


systems 1071 through 1306. In sys- 
tems 1307 through 1362, electro-mech- 
anical control panel 9988941 is used. 
Primary hydraulic cylinder 8011416 is 
replaced by primary actuator 8159580 
(fig. 104) in systems 1071 and up. 
Secondary hydraulic cylinder 8011415 
is replaced by secondary actuator 
8159579. The hydraulic oil lines are 
replaced by electrical cables for inter- 
connecting the actuators and control 
box. 


(2) Due to the foregoing modifications, 


acquisition antenna 


fon 


g SECONDARY INJECT- 
RETRACT SWITCH (SI 


= 


ELECTRO-MECHANICAL 
CONTROL PANEL 


9154368 OR 


TM 9-1430-250-35 


CONTROL 
SWITCH 
PLATE 


= PRIMARY UPPER 


LIMIT SWITCH ($3 


3 
ORD 629045 | 


Figure 103. (U) Electro ~ mechanical control box 9007806 ~ internal view, 


(3) 


9000289 is modified to acqui- 
sition antenna 8158132. As with 
the old antenna, elevation of the 
new acquisition antenna is con= 
trolled by ANTENNA—ELEVA-~ 
TION sean switch S6 on the 
acquisition control-indicator of 
the battery control console, The 
new and old antennas are iden- 
tical in construction, and in- 
formation in paragraph 84 on 
vertical scan modes and eleva- 
tion coverage pertains equally 
to both antennas. 

{n the new scan system anelec- 
trical means is used for deter- 


mining the point in the scan 
cycle when injection and re- 
traction of the secondary re~ 
flector occurs. Secondary in- 
ject-retract switch $1 (fig. 103), 
mounted to the left of primary 
upper limit switch S2 and pri- 
mary lower limit switch S3 in 
the control box, is operated by 
the control switch plate con- 
nected to the injection control 
rod. The control switch plate 
has a horizontal lug and moves 
in a direction opposite to that 
of primary reflector tilt. Move- 
ment of the control switch plate 
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CL 


causes the lug to operate Slin 
addition to S2 and S83 dur- 


ing each complete vertical 
scan cycle, The effect ob- 
tained in operating Sl is 


analogous to that obtained 
in the old system wherein 
the injection control rod 
operated the adjustable valve 
assembly to cause injection and 
retraction of the secondary re- 
flector (par. 82c¢(9)). 

b. Primary Actuator 8159580, The 
primary actuator (fig. 104) used in the 
new system consists of a 3-phase, 120- 
volt, 400-cps motor that is geared to a 
jackscrew mechanically coupled to the 
primary reflector, As the motor turns, 
the jackscrew moves in or out of the 
actuator housing to tilt the primary re- 
flector down or up, respectively, de- 
pending on the direction of motor rota~ 
tion. The actuator housing also contains 
two momentary-contact normally closed 
sensitive switches termed primary up 
safety switch S2 and primary down safety 
switch Sl, respectively, The safety 
switches protect the actuator motor from 
purnout at the extreme limits of primary 
reflector travel, 

G. Secondary Actuator 8159579, The 
secondary actuator (fig, 104) isidentical 
to the primary actuator, except that the 
jackscrew of the secondary actuator ex- 
tends from both ends of the actuator hous- 
ing to permit lateral pressure to be ap- 
plied simultaneously to both halves of 
the secondary-reflector control linkage. 
The secondary actuator contains four 
momentary-contact normally closed 
sensitive switches. Two switches, 
termed secondary inject safety switch 
82 and secondary retract safety switch 
$3, respectively, protect the actuator 
motor from burnout at the extreme limits 
of secondary reflector travel. The re- 
maining two switches are termed sec- 
ondary inject limit switch Sl and sec- 
ondary retract limit switch $4, respec- 
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tively. These two limit switches are 
preset at the factory to a physical po- 
sition which permits them to define 
normal operating limits of secondary 
reflector travel in a manner similar to 
that in which switches S2 and S3 in the 
control box define normal operating 
limits of primary reflector travel. 

d, Electro-Mechanical Control Box 
9007806 Using the Electro-Mechanical 
Control Panel - 9154368, The electro~ 
mechanical control box (fig. 103) con- 
tains the electro-mechanical control 
panel 9154368, primary lower limit 
switch S2, secondary inject-retract 
switch Sl, primary upper limit switch 
83, the 0 to ge scale, the control switch 
plate, and jogging switch 54, The electro- 
mechanical control panel consists of 
twelve relays, a 100-volt de power sup- 
ply, and seven fuses. Six of the twelve 
relays form a group which controls the 
operation of the primary reflector by 
controlling the operation of the primary 
actuator motor. The remaining six re- 
lays form a second group which controls 
the operation of the secondary reflector 
by controlling the operation of the sec- 
ondary actuator motor. In each relay 
group, two relays control the tilt of the 
reflector associated with the group. The 
remaining four relays in each group act 
as a brake unit. Each brake unit con- 
trols and times the application of 100 
volts dc to windings of the actuator 
motor with which the brake unit is as- 
sociated, The application of 100 volts 
de to an actuator motor occurs auto- 
matically when 3-phase acdriving power 
is removed from the respective motor. 
Three-phase ac driving power is re- 
moved from the motor when the two 
relays which control motor operation 
(reflector tilt) are deenergized. Deen- 
ergizing the two motor control relays 
of either relay group completes a path 
for energizing the brake unit of that 
group. 
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Note. The key letter-number com- 
pinations shown in parentheses in € 
and f below refer to figure 105 unless 
otherwise indicated, 


e. "Up" Operation Using the Electro- 
Mechanical Control Panel - 9154368, 


() Primary actuator_motor_B3. 
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When ANTENNA—ELEVATION 
scan switch S6 (B1) on the ac- 
quisition control-indicator is 
manually held in the UP posi- 
tion, ground is applied through 
connector P1-A (C2) to ener- 
gize primary up relay K11 in 
the electro-mechanical control 
panel, The current path for 
energizing K11 is from -28 volts 
through connector Pl-I (C2) 
through contacts 5-15 of de- 
energized primary down relay 
K10, primary up safety switch 
$2, solenoid of K11, contacts 
7-16 of deenergized K10, and 
contacts 2-1 of S6 to ground. 
With K1l energized, 3-phase 
ac power is applied to the wind- 
ings of the primary actuator 
motor. Phase A is applied 
through connector P1-J (A2), 
fuse F5, and contacts 7-16 of 
deenergized primary braking 
relay K8 to one winding of pri- 
mary actuator motor B3, Phase 
B is applied through connector 
P1-H (A2), contacts 13-2 of 
energized Kil, fuse Fl, and 
contacts 14-3 of deenergized 
K8 to the second winding of B3, 
Phase C is applied through con- 
nector P1-C (A2), contacts 14-4 
of energized K11, fuse F7, and 
contacts 1-13 of deenergized K8 
to the third winding of B3. With 
3-phase power thus applied to 
B38, the motor rotates in a di- 
rection which causes the pri- 
mary reflector (and hence the 
entire reflector assembly) to 


2) 


cl 


tilt upward. With switch S¢ held 
in the UP position, the reflectors 
continue to tilt upward until 
their limits are reached and re- 
main there. 

Secondary actuator motor B2. 
As the primary reflector is 
driven upward, the injection 
control rod (fig. 103) causes the 
control switch plate to bedriven 
downward, At a predetermined 
time, depending on the scan 
mode (physical position of sec- 
ondary inject-retract switch 
$1), the lug on the control switch 
plate momentarily closes 531. 
At this instant, S1 (C4) com- 
pletes the path of the -28-volts 
to the solenoid of secondary 
inject relay K12, thereby ener- 
gizing Ki2. The current path for 
energizing K12 is from ~-28 
volts through Pi-I (C2), sec- 
ondary inject-retract switch 
81, secondary inject limit switch 
Sl, secondary inject safety 
switch 82, contacts 1-13 of de- 
energized secondary retract re~ 
lay K9, solenoid of K12, contacts 
7-16 of deenergized primary 
down relay K10, and S6-2 and 
1 to ground. Holding contacts 
14-4 of energized K12 maintain 
K12 energized after the lug of 
the control switch plate (fig. 
103) has passed $1 and is on 
the way toward S2, With K12 
(C6) energized, 3-phase ac 
power is applied to the wind- 
ings of secondary actuator 
motor B2. Phase A is applied 
through connector Pl-J (A2), 
fuse F6, contacts 9-17 of de- 
energized secondary braking 
relay K6, and contacts 6-15 of 
energized K12 to one winding 
of B2, Phase B is applied through 
connector Pl-H (A2), contacts 
17-10 of energized K12, fuse 
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Figure 105.1 (U) Acquisition antenna - elevation electro-mechanical scan 
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(3) 


(4) 


F4, and contacts 5-15 of deener- 
gized K6 to the secondary wind- 
ing of B2. Phase C is applied 
through connector P1+C (A2), 
contacts 12-18 of energized K12, 
fuse F2, and contacts 14-3 of 
deenergized K6 to the third 
winding of B2. With 3-phase 
power thus applied, to motor 
B2, the motor rotates in a di- 
rection which causes the sec- 
ondary reflector to be injected. 
Secondary inject limit switch 
Sl. Secondary reflector injec- 
tion is completed during apart- 
icular one degree of primary 
reflector upward tilt as deter- 
mined by the preselected scan 
mode. Motor B2 rotates until 
the internal mechanism of the 
actuator opens normally closed 
momentary-contact secondary 
inject limit switch Sl in the 
secondary actuator. At this point 
in the upward tilt of the reflec- 
tor assembly, the secondary re- 
flector is fully injected, Open- 
ing Sl deenergizes K12 to re- 
move ac driving power fromB2, 
This energizes the secondary 
brake unit, 

Secondary braking relay K6 and 
hold relay K5. The secondary 
brake unit is comprised of sec- 
ondary braking relay K6, sec= 
ondary timing relay K2A, sec- 
ondary timing relay K2B, and 
secondary hold relay K5, The 
action of the brake unit and the 
energization path is discussed 
in g below. With the secondary 
reflector fully injected, the re- 
flector assembly continues to 
be driven upward by primary 
actuator motor B3 until the in- 
ternal mechanism of the actua~ 
tor opensnormally closed, mo- 
mentary-contact, primary up 
safety switch $2. At this time 
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the reflector assembly is at 
maximum elevation. Opening 
the primary up safety switch 
deenergizes K11 to remove ac 
driving power from primary 
actuator motor B3. This ener- 
gizes the primary brake unit. 


(5) Primary brake relayK8 and hold 


relay K7. The primary brake 
unit is comprised of primary 
braking relay K8, primary tim- 
ing relay K1A, primary timing 
relay K1B, and primary hold 
relay K7. The action of the 
primary brake unit and ener- 
gization path is described in 
& below. It should be noted 
that in the "up" operation (S6 
manually held in the UP posi- 
tion), the action of primary up- 
per Limit switch S3 has no effect 
on circuit operation eventhough 
it is operated by the lug of the 
control switch plate, However, 
in the "down/scan" operation 
discussed in f below, 83 deter~ 
mines the upper limit of re- 
flector assembly tilt. 


(Pri: 


f. "Down/Scan" Operation Using the 
Electro-Mechanical Control Panel - 
9154368. 


mary actuator motor B3, 
When ANTENNA—ELEVATION 
scan switch S86 is placed in the 
DOWN/SCAN position, ground 
is applied through primary low- 
er limit switch S2 to energize 
primary down relay K10 in the 
control panel. The current path 
for energizing K10 is from -28 
volts through connector Pi-I 
(C2), contacts 15-5 of deener-~ 
gized primary up relay Kil, 
primary down safety switch Si, 
solenoid of K10, contacts 9-17 
of deenergized K11, contacts of 
unoperated S2, and contacts 2-3 
of S6 to ground. With K10 ener~ 
gized, 3~phase ac power is ap~ 
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in the actuator. At this point 
in the downward tilt of the re- 
flector assembly, the secondary 
reflector is fully retracted. 
Opening secondary retract limit 
switch S4 breaks the holding cir- 
cuit through contacts 18-12 of 
K9, This allows K9 to deenergize 
removing ac driving power from 
the secondary actuator motor. 
This energizes the secondary 
brake unit. The action of the 
secondary brake unit is de- 
scribed in g below, 

Primary lower limit switch $2 


and primary upper limit switch 
33, With the secondary reflec- 


tor fully retracted, the reflec- 
tor assembly continues to be 
driven downward by primary ac- 
tuator motor B3 until the lug of 
the control switch plate reaches 
and operates primary lower 
limit switch S2. Relay K10 is 
thereby deenergized and the 
~28-volt circuit for operating 
the primary brake unit is com- 
pleted for a brief moment 
through contacts 18-11 of de- 
energized relays K10 and K11, 
With S2 operated, ground is 
applied through S2 and contacts 
16-7 of deenergized KLO to en- 
ergize K11. Ground is also ap- 
plied through J2-4 to contact 
16 of K11, With K11 energized, 
3-phase ac power is applied to 
the primary actuator motor in 
the manner described in e a- 
bove, and the up operation is 
initiated. As the reflector as- 
sembly starts to tilt upward the 
lug of the control switch plate 
starts to move downward, re- 
turning 52 to the unoperated 
position and braking the ground 
connection to Kil. However, 
holding contacts 16-8 of ener- 
gized K11 maintain the relay 
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energized by continuing the 
ground path from contact 16 
through unoperated primary up- 
per limit switch $3, connector 
P2-5, and contacts 16-7 of de- 
energized K10 to the solenoid 
of K11. Thus, the reflector as- 
sembly is permitted to be driven 
upward until the lug of the con- 
trol switch plate operates $3. 
When S83 is operated, it breaks 
the ground connection to KI], 
causing K11 to be deenergized, 
When Kil is deenergized, con- 
tacts 17-9 complete a path for 
ground through unoperated $2, 
J2-10 to energize K10. For the 
brief moment preceding the en- 
ergization of K10, the primary 
brake unit operates. With K10 
again energized, ac power is 
applied to primary actuator 
motor B3 andthe reflector scans 
downward. The reflector as- 
sembly is driven downward un- 
til 52 is operated. The entire 
cycle repeats until stopped by 
placing S6 in the center posi-~ 
tion, 


g. Brake Units Using the Electro- 


Mechanical Control Panel - 9154368, 


(1) As mentioned in d above, there 


are two brake units for stop- 
ping motor rotation, one for 
primary actuator motor B3 and 
one for secondary actuator mo- 
tor B2, The primary actuator 
brake unit consists of solenoid 
type relays K7 and K8, and 
thermal-type relays K1A and 
K1B, The secondary brake unit 
consists of solenoid-type relays 
K2A and K2B, and thermal- 
type relays K1 and K3. A brake 
unit is activated from the mo- 
ment the -28-volt supply cir- 
cuit is completed to the heat- 
ing elements of the thermal 
relays of the particular brake 
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gizing K5 closes contacts 13-2 and 
14-4 of K5. Relay K& is held energized 
through holding contacts 14-4 until 
the —28 volts is removed from the 
brake circuit. The energizing of K5 
marks the end of the heating cycle and 
the beginning of the cooling cycle of 
K2A and K2B because contacts 14-3 
of K5 are opened and the —28 volts is 
removed from the heating elements of 
K2A and K2B. Immediately after the 
cooling cycle begins, K2B deenergizes. 
However, this has no immediate ef- 
fect since K5 is held energized by 
holding contacts 14-4. Some time later 
K2A opens, breaking the —28-volt cir- 
cuit to K6, aNowing K6 to deenergize. 
The deenergizing of K6 removes the 
100-volt de braking voltage from B2, 
completing the braking cycle. The cir- 
cuit remains in this condition until the 
—28 volts is removed from the brake 
cireuit by energizing K9 or K12. When 
either K9 or K12 is energized, the —28 
volts is removed by the opening of 
contacts 17-9 and 16-7, respectively. 
Removing the —28 volts allows K5 to 
deenergize, rendering the brake cir- 
cuit ready for the next braking cycle. 


h, Electro-Mechanical Control Box 9007806 
Using Electro-Mechanical Control Panel 9988- 
941. The electro-mechanical control box (fig. 
103) contains electro-mechanical control panel 
9988941, primary lower limit switch S2, secon- 
dary inject-retract switch S1, primary upper 
limit switeh S38, the 0 to 9-degree scale, the 
control switch plate, and jogging switching S4. 
The electro-mechanical control panel consists 
of six relays, 4 100-volt de power supply, and 
four fuses. Three of the six relays form a group 
which controls the operation of the primary re- 
flector by controlling the operation of the pri- 
mary actuator motor. The remaining three re- 
lays form a second group which controls the 
operation of the secondary reflector by con- 
trolling the operation of the secondary actuator 
motor. In each relay group, two relays control 
the tilt of the reflector associated with the 
group. The remaining relay in each group acts 
as a brake unit. Each brake unit controls and 
times the application of 100 volts de to wind- 
ings of the actuator motor with which the 
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brake unit is associated. The application of 100 
volts de to an actuator motor occurs auto- 
matically when 3-phase ac driving power is 
removed from the respective motor. Three- 
phase ac driving power is removed from the 
motor when the two relays which control mo- 
tor operation (reflector tilt) are deenergized. 
Deenergizing the two motor control relays of 
either relay group completes a path for ener- 
gizing the brake unit of that group. 


Note. The key letter-number combinations shown 
in parentheses in i and j below refer to figure 105.1 
unless otherwise indicated. 


1. “Up” Operation Using Electro-Mechanical 
Control Panel 9988941. 


(1) Primary actuator motor BS. When 
ANTENNA—ELEVATION scan 
switch S6 (B1) on the acquisition con- 
trol-indicator is manually held in the 
UP position, ground is applied through 
connector P1-A (C2) to energize pri- 
mary up relay K5 in the electro-mech- 
anical control panel. The current path 
for energizing K5 is from —28 volts 
through connector P1-I (C2) through 
contacts 5-15 of deenergized primary 
down relay K4, primary up safety 
switch S2, solenoid of K5, contacts 
7-16 of deenergized K4, and contacts 
2-1 of S6 to ground. With K5 ener- 
gized, 3-phase ac power is applied to 
the windings of the primary actuator 
motor. Phase A is applied through 
connector P1-J (A2), fuse F4, and 
contacts 12-18 of energized primary 
up relay K5 to one winding of primary 
actuator motor B3. Phase B is applied 
through connector P1-H (A2), fuse 
F1, contacts 13-2 of primary up relay 
K5, contacts 1-3 of deenergized K2 to 
the second winding of B3. Phase C 
is applied through connector P1-C 
(A2), fuse F2, contacts 4-14 of ener- 
gized K5, and contacts 6-4 of deener- 
gized K2 to the third winding of B3. 
With 3-phase power thus applied to 
B38, the motor rotates in a direction 
which causes the primary reflector 
(and hence the entire reflector assem- 
bly) to tilt upward. With switch S6 
held in the UP position, the reflectors 
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for energizing K4 is from —28 volts 
through connector P1-I (C2), primary 
down safety switch Sl, solenoid of 
K4, contacts 9-17 of deenergized K5, 
contacts of unoperated S2, and con- 
tacts 2-3 of S6 to ground. With K4 
energized, 3-phase ac power is applied 
to the windings of primary actuator 
motor B3 so that connections to the 
motor for phase B and phase C are 
interchanged with respect to connec- 
tions described for the primary up 
operation in i above. The connection of 
phase A remains the same as de- 
scribed in 7 above. Phase B is applied 
through connector P1-H (A2), fuse 
F1, contacts 17-10 of energized K4, 
and contacts 6-4 of deenergized K2 to 
the third winding of B3. Phase C is 
applied through connector P1-C (A2), 
fuse F2, contacts 14-4 of energized 
K4, and contacts 1-3 of deenergized 
K2 to the second winding of B3. With 
3-phase power thus applied to primary 
actuator motor B3, the motor rotates 
in a direction opposite to that de- 
seribed in i above, causing the pri- 
mary reflector (and hence the entire 
reflector assembly) to tilt downward. 


Secondary actuator motor B2. As the 
primary reflector is driven downward, 
the injection control rod (fig. 103) 
causes the contrel switch plate to be 
driven upward. When the plate is 
driven up to the point where the lug 
on the plate alines itself with secondary 
inject-retract switch S1, S1 closes mo- 
mentarily. At this instant, S1 (C3) 
completes the path of the —28 volts to 
the solenoid of secondary retract relay 
K3, thereby energizing K8. The cur- 
rent path for energizing K3 is from 
—28 volts through connector P1-I (C2), 
switch 81, secondary retract limit 
switch S4, secondary retract safety 
switch $3, contacts 1-13 of deener- 
gized secondary inject relay K6, sole- 
noid of K3, contacts 17-9 of deener- 
gized primary up relay K5, unopera- 
ted $2, and contacts 3-2 of S6 to 
ground. Holding contacts 18-12 of en- 
ergized K3 maintain K3 energized 
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after the lug (fig. 103) of the control 
switch plate has passed S1 and is on 
the way toward S83. With K3 (C5) en- 
ergized, 3-phase ac power is applied 
to the windings of motor B2 so that 
connections to the motor for phase B 
and phase C are interchanged with 
respect to connections described for 
the secondary up operation in 7 above. 
Phase A is applied through connector 
Pl-J (A2), fuse F4, and contacts 8-16 
of energized K8 to one winding of 
motor B2. Phase B is applied through 
connectors P1-H (A2), fuse F1, con- 
tacts 15-6 of energized K3, and con- 
tacts 6-4 of deenergized K1 to the 
third winding of motor B2. Phase C 
is applied through connector PI-C 
(A2)}, fuse F2, contacts 4-14 of ener- 
gized K3, fuse F4, and contacts 1-3 
of deenergized K1 to the second wind- 
ing of motor B2. With 3-phase power 
thus applied to B2, the motor rotates 
in a direction opposite that described 
in ¢ above, causing the secondary re- 
flector to retract. 

Secondary retract limit switch S4. 
Secondary reflector retraction, like 
injection, is completed during the 
same particular one-degree movement 
of the primary reflector. Secondary 
actuator motor B2 rotates until the 
internal mechanism of the actuator 
opens normally-closed momentary- 
contact secondary retract limit switch 
$4 in the actuator. At this point in the 
downward tilt of the reflector assem- 
bly, the secondary reflector is fully 
retracted. Opening secondary retract 
limit switch $4 breaks the holding 
circuit through contacts 18-12 of K3. 
This allows K3 to deenergize remov- 
ing ac driving power from the secon- 
dary actuator motor. This energizes 
the secondary brake unit. The action 
of the secondary brake unit is de- 
scribed in & below. 

Primary lower limit switch S2 and 
primary upper limit switch S$. With 
the secondary reflector fully retracted, 
the reflector assembly continues to be 
driven downward by primary actuator 
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(5) 


brake unit. The complete explanation 
of secondary brake unit operation fol- 
lows in (4} and (5) below. 

When secondary retract relay K3 is 
energized, capacitor C5A is charged to 
100 volts by the 100-volt de power 
supply through contacts 17-10 of ener- 
gized relay K8 and resistor R7. When 
K8 is deenergized, capacitor C5A dis- 
charges through resistor R7, contacts 
17-9 of deenergized relay K8, contacts 
16-7 of deenergized relay K6, resistor 
R5, and the solenoid of secondary 
braking relay K1, thus energizing re- 
lay K1 until capacitor C5A is dis- 
charged. Energized relay K1 connects 
the 100-volt de braking voltage to 
secondary actuator motor B2 through 
contacts 5-4 and 2-8 of relay Ki. The 
braking voltage stops the rotation of 
motor B2. The braking voltage is re- 
moved when relay K1 is deenergized, 
thus rendering the brake unit ready 
for the next brake cycle. 

When secondary inject relay K6 is 
energized, capacitor C5A is charged 
to 100 volts by the 100-volt de power 
supply through contacts 16-8 of ener- 
gized relay K6, contacts 17-9 of de- 
energized relay K3, and resistor RT. 
When K6 is deenergized, capacitor 
C5A discharges through resistor R7, 
contacts 17-9 of deenergized relay K3, 
contacts 16-7 of deenergized relay K6, 
resistor R5, and the solenoid of secon- 
dary braking relay K1, thus energiz- 
ing relay K1 until capacitor C5A is 
discharged. Energized relay K1 then 
applies the braking voltage to second- 
ary actuator motor B2 as explained 
in (4) above. The braking voltage is 
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removed when relay K1 is deener- 
gized, thus rendering the brake unit 
ready for the next braking cycle. 
Semiconductor diode CR2 isolates the 
primary and secondary braking relays 
to prevent interaction between the 
primary and secondary brake units. 


86.1 (U). Acquisition Antenna 9156580 

a. General. Acquisition antenna 9156580 is 
identical to acquisition antenna 8158132 ex- 
cept for the addition of the auxiliary acquisi- 
tion antenna added by DA MWO 9-1400-268-50. 


b. Detailed Theory. 


q) 


(25 


The auxiliary acquisition antenna is 
mounted on the radome and is con- 
nected to rotary coupler 9156621 
through a rigid coaxial transmission 
line. 

The auxiliary antenna is a modified 
gage and has a carefully tailored an- 
tenna pattern. The auxiliary antenna 
is a receiving antenna only. The pat- 
terns of the acquisition antenna and 
the auxiliary acquisition antenna are 
matched in the horizontal and vertical 
planes. The antenna pattern of the 
auxiliary acquisition antenna coin- 
cides with that of the normal ac- 
quisition antenna except for the main 
lobe. If the proper signal gains exist 
in each receiver channel, the power 
output of the auxiliary receiver chan- 
nel is greater than the power output 
of the main receiver channel except 
when a signal source lies along the 
axis of the main lobe of the acquisi- 
tion pattern. Thus, the precise azi- 
muth of the signal source can be 
determined. 
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F4, and contacts 5-15 of deener- 
gized K6 to the secondary wind- 
ing of B2, Phase C is applied 
through connector Pi-C (A2), 
contacts 12-18 of energized Ki2, 
fuse F2, and contacts 14-3 of 
deenergized K6 to the third 
winding of B2, With 3-phase 
power thus applied, to motor 
B2, the motor rotates in a di- 
rection which causes the sec- 
ondary reflector to be injected. 
Secondary inject_limit_switch 
Sl. Secondary reflector injec- 
tion is completed during a part- 
icular one degree of primary 
reflector upward tilt as deter- 
mined by the preselected scan 
mode, Motor B2 rotates until 
the internal mechanism of the 
actuator opens normally closed 
momentary-contact secondary 
inject limit switch Sl in the 
secondary actuator. At this point 
in the upward tilt of the reflec- 
tor assembly, the secondary re- 
flector is fully injected, Open- 
ing Sl deenergizes K12 to re- 
move ac driving power fromB2. 
This energizes the secondary 
brake unit, 


Secondary braking relay K6 and 
hold relay K5, The secondary 


brake unit is comprised of sec- 
ondary braking relay K6, sec- 
ondary timing relay K2A, sec- 
ondary timing relay K2B, and 
secondary hold relay K5, The 
action of the brake unit and the 
energization path is discussed 
in g below. With the secondary 
reflector fully injected, the re- 
flector assembly continues to 
be driven upward by primary 
actuator motor B3 until the in- 
ternal mechanism of the actua- 
tor opensnormally closed, mo~ 
mentary-contact, primary up 
safety switch S2. At this time 
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the reflector assembly is at 
maximum elevation. Opening 
the primary up safety switch 
deenergizes K11 to remove ac 
driving power from primary 
actuator motor B3. This ener- 
gizes the primary brake unit. 
Primary brake relay K8 and hold 
relay K7. The primary brake 
unit is comprised of primary 
braking relay K8, primary tim- 
ing relay K1A, primary timing 
relay KiB, and primary hold 
relay K7. The action of the 
primary brake unit and ener- 
gization path is described in 
& below. It should be noted 
that in the "up" operation (S6 
manually held in the UP posi- 
tion), the action of primary up~ 
per limit switch $3 has no effect 
on circuit operation eventhough 
it is operated by the lug of the 
control switch plate. However, 
in the "down/scan" operation 
discussed in f below, S83 deter- 
mines the upper limit of re- 
flector assembly tilt. 


"Down/Scan" Operation Using the 


@) 


9154368, 


Primary actuator motor B3. 
When ANTENNA—ELEVATION 
scan switch S6 is placed in the 
DOWN/SCAN position, ground 
is applied through primary low~ 
er limit switch S2 to energize 
primary down relay K10 in the 
control panel. The current path 
for energizing K10 is from -28 
volts through connector P1-I 
(C2), contacts 15-5 of deener- 
gized primary up relay Kil, 
primary down safety switch S1, 
solenoid of K10, contacts 9-17 
of deenergized K11, contacts of 
unoperated S2, and contacts 2-3 
of S6 to ground, With K10 ener- 
gized, 3-phase ac power is ap- 
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plied to the windings of primary 
actuator motor B3 so that con- 
nections to the motor for phase 
B and phase C are interchanged 
with respect to connections de~ 
scribed for the primary up oper- 
ation in e above. The connection 
of phase A remains the sameas 
described in e above, Phase B 
is applied through connector P1- 
H (A2), contacts 17-10 of ener- 
gized K10, fuse F7,and contacts 
1-13 of deenergized K8 to the 
third winding of B3, Phase C is 
applied through connector P1-C 
(A2), contacts 14~4 of energized 
K10, fuse F1, and contacts 14-3 
of deenergized K8 to the second 
winding of B3. With 3-phase 
power thus applied to primary 
actuator motor B3, the motor 
rotates in a direction opposite 
to the described in e ahove, 
causing the primary reflector 
{and hence the entire reflector 
assembly) to tilt downward, 

Secondary actuator motor B2. 
As the primary reflector is 
driven downward, the injection 
control rod (fig. 103) causes 
the control switch plate to be 
driven upward. When the plate 
is driven up to the point where 
the lug on the plate alines itself 
with secondary inject-retract 
switch S1, S1 closes momen- 
tarily. At this instant, S1 (C3) 
completes the path of the -28 
volts to the solenoid of sec- 
ondary retractrelay K9, thereby 
energizing K9. The current path 
for energizing K9 is from ~28 
volts through connector Pi-I 
{C2), switch S1, secondary re- 
tract limit switch 84, secondary 
retract safety switch S3, con- 
tacts 1-13 of deenergized sec- 
ondary inject relay K12, sole- 
noid of K9, contacts 17-9 of de- 
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energized primary up relay K11, 
unoperated $2, and contacts 3-2 
of S6 to ground, Holding con- 
tacts 18-12 of energized K9 
maintain K9 energized after the 
lug (fig. 103) of the control 
switch plate has passed S1 and 
is on the way toward 53. With 
K9 (C5) energized, 3-phase ac 
power is applied to the windings 
of motor B2 so that connections 
to the motor for phase B and 
phase C are interchanged with 
respect to connections de~ 
scribed for the secondary up 
operation in e above. Phase A 
is applied through connector 
Pl-J (A2), fuse F6, contacts 
9-17 of deenergized secondary 
braking relay K6, and contacts 
8-16 of energized K9 to one 
winding of motor B2. Phase B 
is applied through connectors 
P1-H (A2), contacts 15-6 of en- 
ergized K9, fuse F2, and con- 
tacts 14-3 of deenergized K6 


to the third winding of motor / 
B2. Phase C is applied through ° 


connector P1-C (A2), contacts 
4-14 of energized K9, fuse F4, 
and contacts 5-15 of deener- 
gized K6 to the second winding 
of motor B2. With 3-phase pow~ 
er thus applied to B2, the motor 
rotates in a direction opposite 
that described in e above, caus- 
ing the secondary reflector to 
retract. 

Secondary retract limit switch 
S4, Secondary reflector re- 
traction, like injection, is com- 
pleted during the same particu- 
lar one degree movement of 
the primary reflector. Second- 
ary actuator motor B2 rotates 
until the internal mechanism of 
the actuator opens normally- 
closed momentary-contact sec~ 
ondary retract limit switch S4 
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in the actuator. At this point 
in the downward tilt of the re~ 
flector assembly, the secondary 
reflector is fully retracted, 
Opening secondary retract limit 
switch $4 breaks the holding cir- 
cuit through contacts 18-12 of 
K9, This allows K9 to deenergize 
removing ac driving power from 
the secondary actuator motor. 
This energizes the secondary 
brake unit. The action of the 
secondary brake unit is de- 
scribed in g below. 

Primary lower limit switch 82 
and primary upper limit switch 
$3. With the secondary reflec- 
tor fully retracted, the reflec- 
tor assembly continues to be 
driven downward by primary ac~ 
tuator motor B3 until the lug of 
the control switch plate reaches 
and operates primary lower 
limit switch S2, Relay K10 is 
thereby deenergized and the 
-28-volt circuit for operating 
the primary brake unit is com- 
pleted for a brief moment 
through contacts 18-11 of de- 
energized relays K10 and K11. 
With S2 operated, ground is 
applied through $2 and contacts 
16-7 of deenergized K10 to en- 
ergize K11, Ground is also ap- 
plied through J2-4 to contact 
16 of K11, With K11 energized, 
3-phase ac power is applied to 
the primary actuator motor in 
the manner described in e a- 
bove, and the up operation is 
initiated, As the reflector as- 
sembly starts to tilt upward the 
lug of the control switch plate 
starts to move downward, re- 
turning S2 to the unoperated 
position and braking the ground 
connection to K1l. However, 
holding contacts 16-8 of ener- 
gized Kil maintain the relay 
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energized by continuing the 
ground path from contact 16 
through unoperated primary up- 
per limit switch S38, connector 
P2-5, and contacts 16-7 of de- 
energized K10 to the solenoid 
of Kil. Thus, the reflector as- 
sembly is permitted tobe driven 
upward until the lug of the con- 
trol switch plate operates $3, 
When S83 is operated, it breaks 
the ground connection to Kil, 
causing K11 to be deenergized, 
When Kil is deenergized, con- 
tacts 17-9 complete a path for 
ground through unoperated S2, 
32-10 to energize K10, For the 
brief moment preceding the en- 
ergization of K10, the primary 
brake unit operates. With K10 
again energized, ac power is 
applied to primary actuator 
motor B3and the reflector scans 
downward, The reflector as- 
sembly is driven downward un~ 
til S2 is operated. The entire 
cycle repeats until stopped by 
placing S6 in the center posi- 
tion. 


g Brake Units Using the Electro- 


Mechanical Control Panel =~ 9154368. 


(1) As mentioned in d above, there 


are two brake units for stop~ 
ping motor rotation, one for 
primary actuator motor B3 and 
one for secondary actuator mo- 
tor B2. The primary actuator 
brake unit consists of solenoid 
type relays K7 and K8, and 
thermal-type relays K1A and 
K1B. The secondary brake unit 
consists of solenoid-type relays 
K2A and K2B, and thermal- 
type relays Ki and K3. A brake 
unit is activated from the mo- 
ment the -28-volt supply cir- 
cuit is completed to the heat- 
ing elements of the thermal 
relays of the particular brake 
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unit. A brake unit once acti- 
vated, remains activated until 
either the -28-volt supply line 
to the thermal relays is inter- 
rupted or the thermal elements 
complete a heating and cooling 
cycle. The primary brake unit 
is activated each time phase 
B and phase C driving power is 
removed from the primary actu- 
ator motor windings. This oc- 
curs when both K11 and K10are 
deenergized during the same 
time interval, At such time 
the -28-volt circuit is com- 
pleted to the primary brake 
unit through contacts 18-11 of 
Kli and K10, The secondary 
brake unit is activated each 
time phase B and phase C driv- 
ing power is removed from the 
secondary actuator motor wind- 
ings. This occurs when both 
K9 and K12 are deenergized, 
When a brake unit is activated, 
its braking relay (K6 inthe sec- 
ondary braking unit or K8 in 
the primary braking unit) is 
energized. Energizing K6 or 
K8 applies the 100-volt de out- 
put of a bridge rectifier to wind- 
ings of the secondary actuator 
motor or windings of the pri- 
mary actuator motor in place of 
the removed phase B and phase 
C power. The effect of the 100- 
volt de potential on the motor 
is to provide an electromagnetic 
clutching action which over- 
comes rotor inertia and stops 
rotation, 

The bridge rectifier consists of 
transformer T1 and the four- 
selenium diode units designated 
as CR1. The primary of Tlis 
supplied by 120 volts, 400 cps. 
This voltage is obtained from 
phase B of the 3-phase power 
supply at connector P1i-H and 
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neutral of the 3-phase power 
supply at connector P1-D, The 
primary of Tl is fused by F3. 
Since the operation of the pri- 
mary brake unit is identical to 
that of the secondary brake 
unit, only the secondary brake 
wnit is discussed. Thermal re- 
lay K1A in the primary brake 
unit is identical to thermal re- 
lay K2A in the secondary brake 
unit; thermal relay K1B in the 
primary brake unit is identical 
to thermal relay K2B in the 
secondary brake unit. The com- 
plete explanation of secondary 
brake unit operation follows in 
(4) and (5) below. 

When both K9 and K12 are de- 
energized, -28 volts is applied 
through contacts 7-16 of K12 
and 9-17 of K9 to the brake 
circuit. The -28 volts is ap- 
plied through contacts 1-13 of 
K5 energizing K6, Secondary 
braking relay K6 connects the 
100-volt de braking voltage from 
the bridge rectifier circuit to 
motor B2. The connections from 
the rectifier are made through 
contacts 2-13 and 14-4 of K6 
and through P1-11 and J1-D to 
B2,. The de return is from B2 
through J1-B to the rectifier. 
This voltage stops the rotation 
of B2. 

The -28 volts is also applied 
through contacts 14-3 of K5 to 
start the heating cycle for 
(thermal) secondary timing re- 
lays K2B and K2A. Shortly after 
the heating cycle starts, K2A 
energizes closing contacts 5-7 
of K2A. This has no immedi- 
ate effect since K6 is already 
energized. Some time later (in- 
terval set at the factory), K2B 
energizes closing contacts 5-7 
of K2B and energizes K5, Ener- 
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gizing K5 closes contacts 13-2 and 
14-4 of K5. Relay K5 is held energized 
through holding contacts 14-4 until 
the —28 volts is removed from the 
brake circuit. The energizing of K5 
marks the end of the heating cycle and 
the beginning of the cooling cycle of 
K2A and K2B because contacts 14-3 
of K5 are opened and the —28 volts is. 
removed from the heating elements of 
K2A and K2B. Immediately after the 
cooling cycle begins, K2B deenergizes. 
However, this has no immediate ef- 
fect since K5 is held energized by 
holding contacts 14-4. Some time later 
K2A opens, breaking the —28-volt cir- 
cuit to K6, allowing K6 to deenergize. 
The deenergizing of K6 removes the 
100-volt de braking voltage from B2, 
completing the braking cycle. The cir- 
cuit remains in this condition until the 
-28 volts is removed from the brake 
circuit by energizing K9 or K12. When 
either K9 or K12 is energized, the —28 
volts is removed by the opening of 
contacts 17-9 and 16-7, respectively. 
Removing the —28 volts allows K5 to 
deenergize, rendering the brake cir- 
cuit ready for the next braking cycle. 


h, Electro-Mechanical Control Box 9007806 
Using Electro-Mechanical Control Panel 9988- 
941, The electro-mechanical control box (fig. 
103) contains electro-mechanical control panel 
9988941, primary lower limit switch $2, secon- 
dary inject-retract switch S1, primary upper 
limit switch S8, the 0 to 9-degree scale, the 
control switch plate, and jogging switching S4. 
The electro-mechanical control] panel consists 
of six relays, a 100-volt de power supply, and 
four fuses. Three of the six relays form a group 
which controls the operation of the primary re- 
flector by controlling the operation of the pri- 
mary actuator motor. The remaining three re- 
lays form a second group which controls the 
operation of the secondary reflector by con- 
trolling the operation of the secondary actuator 
motor. In each relay group, two relays control 
the tilt of the reflector associated with the 
group. The remaining relay in each group acts 
as a brake unit. Each brake unit controls and 
times the application of 100 volts de to wind- 
ings of the actuator motor with which the 
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brake unit is associated. The application of 100 
volts de to an actuator motor occurs auto- 
matically when 3-phase ac driving power is 
removed from the respective motor. Three- 
phase ac driving power is removed from the 
motor when the two relays which control mo- 
tor operation (refiector tilt) are deenergized. 
Deenergizing the two motor control relays of 
either relay group completes a path for ener- 
gizing the brake unit of that group. 


Note. The key letter-number combinations shown 
in parentheses in i and j below refer to figure 105.1 
unless otherwise indicated. 


1. “Up” Operation Using Electro-Mechanical 
Control Panel 9988941. 


(1) Primary actuator motor B3. When 
ANTENNA—ELEVATION scan 
switch S6 (B1) on the acquisition con- 
trol-indicator is manually held in the 
UP position, ground is applied through 
connector P1-A (C2) to energize pri- 
mary up relay K5 in the electro-mech- 
anical control panel. The current path 
for energizing K5 is from —28 volts 
through connector P1-I (C2) through 
contacts 5-15 of deenergized primary 
down relay K4, primary up safety 
switch 82, solenoid of K5, contacts 
7-16 of deenergized K4, and contacts 
2-1 of S6 to ground. With K5 ener- 
gized, 3-phase ac power is applied to 
the windings of the primary actuator 
motor. Phase A is applied through 
connector P1-J (A2), fuse F4, and 
contacts 12-18 of energized primary 
up relay K5 to one winding of primary 
actuator motor B3. Phase B is applied 
through connector P1-H (A2), fuse 
F1, contacts 13-2 of primary up relay 
K6, contacts 1-3 of deenergized K2 to 
the second winding of B3. Phase C 
is applied through connector P1-C 
(A2), fuse F2, contacts 4-14 of ener- 
gized K5, and contacts 6-4 of deener- 
gized K2 to the third winding of B38. 
With 3-phase power thus applied to 
B3, the motor rotates in a direction 
which causes the primary reflector 
(and hence the entire reflector assem- 
bly) to tilt upward. With switch S6 
held in the UP position, the reflectors 
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continue to tilt upward until their 
limits are reached and remain there. 
Secondary actuator motor B2. As the 
primary reflector is driven upward, 
the injection control rod (fig. 103) 
causes the control switch plate to be 
driven downward. At a predetermined 
time, depending on the scan mode 
(physical position of secondary inject- 
retract switch $1), the lug on the con- 
trol switch plate momentarily closes 
S1. At this instant, 81 (C4) completes 
the path of the -28 volts to the solenoid 
of secondary inject relay K6, thereby 
energizing K6é. The current path for 
energizing K6 is from —28 volts 
through P1-I (C2), secondary inject- 
retract switch S1, secondary inject 
limit switch $1, secondary inject safe- 
ty switch $2, contacts 1-13 of deener- 
gized secondary retract relay K3, sole- 
noid of K6, contacts 7-16 of deener- 
gized primary down relay K4, and 
S6-2 and 1 to ground. Holding con- 
tacts 14-4 of energized K6 maintain 
K6 energized after the lug of the con- 
trol switch plate (fig. 103) has passed 
S1 and is on the way toward S2. With 
Ké6 (C6) energized, 3-phase ac power 
is applied to the windings of secon- 
dary actuator motor B2. Phase A is 
applied through connector P1-J (A2), 
fuse F4, and contacts 6-15 of ener- 
gized K6 to one winding of B2. Phase 
B is applied through connector P1-H 
(A2), fuse F1, contacts 17-10 of ener- 
gized K6, and contacts 1-3 of deener- 
gized K1 to the second winding of B2. 
Phase C is applied through connector 
P1-C (A2), fuse F2, contacts 12-18 of 
energized K6, and contacts 6-4 of de- 
energized K1 to the third winding of 
B2. With 3-phase power thus applied 
to motor B2, the motor rotates in a 
direction which causes the secondary 
reflector to be injected. 

Secondary inject limit switch S1. Sec- 
ondary reflector injection is completed 
during a particular one degree of pri- 
mary reflector upward tilt as deter- 
mined by the preselected scan mode. 
Motor B2 rotates until the internal 
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mechanism of the actuater opens nor- 
mally-closed momentary-contact sec- 
ondary inject limit switch S1 in the 
secondary actuator. At this point in 
the upward tilt of the reflector assem- 
bly, the secondary reflector is fully 
injected, Opening $1 deenergizes K12 
to remove ac driving power from B2. 
This energizes the secondary brake 
unit. 

Secondary braking relay K1. The sec- 
ondary brake unit is operated by 
secondary braking relay K1. The ac- 
tion of the secondary brake unit and 
the energization path are discussed in 
k below. With the secondary reflector 
fully injected, the reflector assembly 
continues to be driven upward by pri- 
mary actuator motor B3 until the in- 
ternal mechanism of the actuator 
opens normally-closed, momentary- 
contact, primary up safety switch 82. 
At this time the reflector assembly 
is at maximum elevation. Opening 
the primary up safety switch deener- 
gizes K5 to remove ac driving power 
from primary actuator motor B3. This 
energizes the primary brake unit. 
Primary braking relay K2. The pri- 
mary brake unit is operated by pri- 
mary braking relay K2. The action of 
the primary brake unit and energiza- 
tion path are described in k below. It 
should be noted that in the “up” oper- 
ation (S6 manually held in the UP 
position), the action of primary upper 
limit switch S3 has no effect on cir- 
cuit operation even though it is oper- 
ated by the lug of the control switch 
plate. However, in the “down/scan” 
operation discussed in 7 below, S3 de- 
termines the upper limit of reflector 
assembly tilt. 


j. “Down/Sean” Operation Using Electro- 
Mechanical Control Panel 9988941. 


Primary actuator motor B3. When 
ANTENNA— ELEVATION scan 
switch S6 is placed in the DOWN 
SCAN position, ground is applied 
through primary lower limit switch 
S2 to energize primary down relay K4 
in the control panel, The current path 
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for energizing K4 is from —28 volts 
through connector P1-1 (C2), primary 
down safety switch Sl, solenoid of 
K4, contacts 9-17 of deenergized K5, 
contacts of unoperated $2, and con- 
tacts 2-3 of S6 to ground. With K4 
energized, 3-phase ac power is applied 
to the windings of primary actuator 
motor B3 so that connections to the 
motor for phase B and phase C are 
interchanged with respect to connec- 
tions described for the primary up 
operation in 7 above. The connection of 
phase A remains the same as de- 
scribed in i above. Phase B is applied 
through connector P1-H (A2), fuse 
Fl, contacts 17-10 of energized K4, 
and contacts 6-4 of deenergized K2 to 
the third winding of B3. Phase C is 
applied through connector P1-C (A2), 
fuse F2, contacts 14-4 of energized 
K4, and contacts 1-8 of deenergized 
K2 to the second winding of B3. With 
3-phase power thus applied to primary 
actuator motor B38, the motor rotates 
in a direction opposite to that de- 
scribed in i above, causing the pri- 
mary reflector (and hence the entire 
reflector assembly) to tilt downward. 


Secondary actuator motor B2, As the 
primary reflector is driven downward, 
the injection control rod (fig, 103) 
causes the control switch plate to be 
driven upward. When the plate is 
driven up to the point where the lug 
on the plate alines itself with secondary 
inject-retract switch S1, S1 closes mo- 
mentarily. At this instant, $1 (C3) 
completes the path of the —28 volts to 
the solenoid of secondary retract relay 
KB, thereby energizing K3. The cur- 
rent path for energizing K3 is from 
— 28 volts throughconnector P1-1 (C2), 
switch $1, secondary retract limit 
switch S4, secondary retract safety 
switch 53, contacts 1-13 of deener- 
gized secondary inject relay K6, sole- 
noid of K3, contacts 17-9 of deener- 
gized primary up relay K5, unopera- 
ted S52, and contacts 3-2 of S6 to 
ground. Holding contacts 18-12 of en- 
ergized K3 maintain K8 energized 
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after the lug (fig. 103) of the control 
switch plate has passed S1 and is on 
the way toward S3. With K3 (C5) en- 
ergized, 3-phase ac power is applied 
to the windings of motor B2 so that 
connections to the motor for phase B 
and phase C are interchanged with 
respect to connections described for 
the secondary up operation in i above. 
Phase A is applied through connector 
Pi-J (A2), fuse F4, and contacts 8-16 
of energized K3 to one winding of 
motor B2. Phase B is applied through 
connectors P1-H (A2), fuse F1, con- 
tacts 15-6 of energized K3, and con- 
tacts 6-4 of deenergized K1 to the 
third winding of motor B2, Phase C 
is applied through connector P1-C 
(A2), fuse F2, contacts 4-14 of ener- 
gized K3, fuse F4, and contacts 1-3 
of deenergized K1 to the second wind- 
ing of motor B2. With 3-phase power 
thus applied to B2, the motor rotates 
in a direction opposite that described 
in 7 above, causing the secondary re- 
flector to retract. 

Secondary retract limit switch S4. 
Secondary reflector retraction, like 
injection, is completed during the 
same particular one-degree movement 
of the primary reflector. Secondary 
actuator motor B2 rotates until the 
internal mechanism of the actuator 
opens normally-closed momentary- 
eontact secondary retract limit switch 
S4 in the actuator. At this point in the 
downward tilt of the reflector assem- 
bly, the secondary reflector is fully 
retracted. Opening secondary retract 
limit switch S4 breaks the holding 
circuit through contacts 18-12 of K3. 
This allows K8 to deenergize remov- 
ing ac driving power from the secon- 
dary actuator motor. This energizes 
the secondary brake unit. The action 
of the secondary brake unit is de- 
scribed in k below. 

Primary lower limit switch S2@ and 
primary upper limit switch S3. With 
the secondary reflector fully retracted, 
the reflector assembly continues to be 
driven downward by primary actuator 
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motor B3 until the lug of the control 
switch plate reaches and operates pri- 
mary lower limit switch $2. Relay K4 
is thereby deenergized and the pri- 
mary brake unit is operated. The action 
of the primary brake unit and the en- 
ergization path are discussed in k be- 
low. With S2 operated, ground is ap- 
plied through S2 and contacts 16-7 of 
deenergized K4 to energize K5, Ground 
is also applied through J2-4 to contact 
16 of K5. With K5 energized, 3-phase 
ac power is applied to the primary 
actuator motor in the manner de- 
scribed in 7 above, and the up opera- 
tion is initiated. As the reflector as- 
sembly starts to tilt upward, the lug 
of the control switch plate starts to 
move downward, returning S2 to the 
unoperated position and breaking the 
ground connection to K5. However, 
holding contacts 16-8 of energized K5 
maintain the relay energized by con- 
tinuing the ground path from contact 
16 through unoperated primary up- 
per limit switch S83, connector P2-5, 
and contacts 16-7 of deenergized K4 
to the solenoid of K5. Thus, the re- 
flector assembly is permitted to be 
driven upward until the lug of the 
control switch plate operates S3. 
When 83 is operated, it breaks the 
ground connection to K5, causing K5 
to be deenergized, When K65 is deener- 
gized, contacts 17-9 complete a path 
for ground through unoperated S82 
and J2-10 to energize K4. For the 
brief moment preceding the energiza- 
tion of K4, the primary brake unit 
operates. With K4 again energized, ac 
power is applied to primary actuator 
motor B3 and the reflector scans 
downward. The reflector assembly is 
driven downward until S2 is operated. 
The entire cycle repeats until stopped 
by placing S6 in the center position. 


k. Brake Units Using Electro-Mechanical 
| Control Panel 9988941. 


(1) As mentioned in k above, there are 


two brake units for stopping motor 
rotation, one for primary actuator 


(2 


(3) 


cé 


motor B3 and one for secondary act- 
uator motor B2. The primary actuator 
brake unit consists of relay K2, re- 
sistors R6 and R8, and capacitor C5B. 
The secondary brake unit consists of 
relay K1, resistors R5 and R7, and 
capacitor C5A. The primary brake 
unit is activated each time phase B 
and phase C driving power is removed 
from the primary actuator motor 
windings. This occurs when both K5 
and K4 are deenergized during the 
same time interval. The secondary 
brake unit is activated each time phase 
B and phase C driving power is re- 
moved from the secondary actuator 
motor windings. This occurs when 
both K3 and K6 are deenergized. 
When a brake unit is activated, its 
braking relay (Ki in the secondary 
braking unit or K2 in the primary 
braking unit) is energized. Energiz- 
ing K1 or K2 applies the 100-volt de 
output of a bridge rectifier to wind- 
ings of the secondary actuator motor 
or windings of the primary actuator 
motor in place of the removed phase 
B and phase C power. The effect of 
the 100-volt de potential on the motor 
is to provide an_ electro-magnetic 
clutching action which overcomes ro- 
tor inertia and stops rotation. 


The bridge rectifier consists of trans- 
former T1 and the four-selenium diode 
units designated as CR1. The primary 
of T1 is supplied by 120 volts, 400 eps. 
This voltage is obtained from phase 
B of the 3-phase power supply at con- 
nector P1-H and neutral of the 3- 
phase power supply at connector P1- 
D. The primary of T1 is fused by F3. 


Since the operation of the primary 
brake unit is identical to that of the 
secondary brake unit, only the second- 
ary brake unit is discussed. Opera- 
tion of primary braking relay K2, 
resistors R6 and R8, and capacitor 
C5B in the primary brake unit is 
identical to operation of secondary 
braking relay K1, resistors R5 and R7, 
and capacitor C5A in the secondary 


<8 


(4) 


(5) 


brake unit. The complete explanation 
of secondary brake unit operation fol- 
lows in (4) and (5) below. 

When secondary retract relay K3 is 
energized, capacitor C5A is charged to 
100 volts by the 100-volt de power 
supply through contacts 17-10 of ener- 
gized relay K8 and resistor R7. When 
K8 is deenergized, capacitor C5A dis- 
charges through resistor R7, contacts 
17-9 of deenergized relay K3, contacts 
16-7 of deenergized relay K6, resistor 
R5, and the solenoid of secondary 
braking relay K1, thus energizing re- 
lay K1 until capacitor C5A is dis- 
charged. Energized relay K1 connects 
the 100-volt de braking voltage to 
secondary actuator motor B2 through 
contacts 5-4 and 2-3 of relay Kl. The 
braking voltage stops the rotation of 
motor B2. The braking voltage is re- 
moved when relay K1 is deenergized, 
thus rendering the brake unit ready 
for the next brake cycle. 

When secondary inject relay K6 is 
energized, capacitor C5A is charged 
to 100 volts by the 100-volt de power 
supply through contacts 16-8 of ener- 
gized relay K6, contacts 17-9 of de- 
energized relay K8, and resistor R7. 
When K6 is deenergized, capacitor 
C5A discharges through resistor R7, 
contacts 17-9 of deenergized relay K3, 
contacts 16-7 of deenergized relay K6, 
resistor R5, and the solenoid of secon- 
dary braking relay K1, thus energiz- 
ing relay K1 until capacitor C5A is 
discharged. Energized relay K1 then 
applies the braking voltage to second- 
ary actuator motor B2 as explained 
in (4) above. The braking voltage is 


(6) 
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removed when relay K1 is deener- 
gized, thus rendering the brake unit 
ready for the next braking cycle. 
Semiconductor diode CR2 isolates the 
primary and secondary braking relays 
to prevent interaction between the 
primary and secondary brake units. 


86.1 (U). Acquisition Antenna 9156580 

a. General. Acquisition antenna 9156580 is 
identical to acquisition antenna 8158132 ex- 
cept for the addition of the auxiliary acquisi- 
tion antenna added by DA MWO 9-1400-268-50, 


b. Detailed Theory. 


qd) 


(2) 


The auxiliary acquisition antenna is 
mounted on the radome and is con- 
nected to rotary coupler 9156621 
through a rigid coaxial transmission 
line. 

The auxiliary antenna is a modified 
gage and has a carefully tailored an- 
tenna pattern, The auxiliary antenna 
is a receiving antenna only. The pat- 
terns of the acquisition antenna and 
the auxiliary acquisition antenna are 
matched in the horizontal and vertical 
planes. The antenna pattern of the 
auxiliary acquisition antenna coin- 
cides with that of the normal ac- 
quisition antenna except for the main 
lobe. If the proper signal gains exist 
in each receiver channel, the power 
output of the auxiliary receiver chan- 
nel is greater than the power output 
of the main receiver channel except 
when a signal source lies along the 
axis of the main lobe of the acquisi- 
tion pattern. Thus, the precise azi- 
muth of the signal source can be 
determined. 
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CHAPTER 8 (CMHA) 


DIRECTOR-COMPUTER GROUP—MISCELLANEOUS 
ACQUISITION RADAR COMPONENTS 


87 {U). FUIF Interconnecting Box 
9013084 and Cover 9013079 

a. General. The FUIF (fire unit integration 
facility) interconnecting box and cover provide 
space for mounting terminal boards, subassem- 
blies, relays, fuses, and fuse indicator lamps 
that are associated with the FUIF equipment 
and radar signal simulator AN/MPQ-36. 

b., Detailed Theory. Terminal boards in the 
FUIF interconnecting box provide terminals 
for connecting, at a common point, several 
leads carrying the same data, Three subassem- 
blies are mounted in the box: FUIF relay 
assembly 8518681, FUIF fixed attenuator 
8518708, and PPI test panel 9136426. 
Mounted on the cover are four 0.031-ampere 
fuses and four fuse indicator lamps. ACQ 
RADAR -250V fuse Fil (fig. 46, TM 9-1430- 
257-20) protects the acquisition radar -250- 
volt supply from damage caused by failures 
in the FUIF equipment. If a malfunction oc- 
curs in the FUIF equipment connected to the 
—250-volt supply and blows F1, the -250-volt 
supply will continue to operate in the acquisi- 
tion radar system; only the FUIF equipment 
will become inoperative. ACQ RADAR +250V 
fuse F2 provides the same protection to the 
acquisition radar +250-volt supply. COMP 
-250V fuse F3 and COMP +250V fuse F4 pro- 
tect the -250- and +250-volt supplies, respec- 
tively, in the computer. Fuse indicator lights I1 
through I4 are blown fuse indicators that op- 
erate in conjunction with fuses. Fl through 
F4, respectively. Relay K2, when energized, 
allows -24 volts to pass through its contacts 
to J29-72 and then to a solenoid in the cable 
connector from the radar signal simulator. 
This action causes the connector to eject from 
the trailer mounted director station. Relay K1, 
when energized, applies —28 volts to the trail- 
er mounted tracking station through contacts 
10 and 4, causing a similar ejection action in 
the trailer mounted tracking station. Relay 


K8, when energized, makes the connection be- 
tween terminals 38 and 85 of J29. This con- 
nection is used in the radar signal simulator. 
Resistor assembly 9008129 contains resistors 
and a capacitor to match and connect circuits 
from the radar signal simulator to circuits in 
the trailer mounted director station. 


87.1 (U). Auxiliary Acquisition Inter- 
connecting Box 9985602 
and Cover 9985622 


a. General. The auxiliary acquisition inter- 
connecting box and cover provide space for 
monitoring terminal boards, subassemblies, re- 
lays, fuses, and fuse indicator lamps that are 
associated with the FUIF equipment, radar 
signal simulator AN/MPQ-36, and the AAR 
(auxiliary acquisition radar). 

b. Detailed Theory. The theory of operation 
of the auxiliary acquisition interconnecting box 
and cover is similar to the theory of operation 
of the FUIF interconnecting box and cover 
discussed in paragraph 87. The auxiliary ac- 
quisition interconnecting box and cover (fig. 
46.1, TM 9-1480-257-20) contain three sub- 
assemblies: resolver-video amplifier 9990729, 
FUIF relay assembly 8518681, and FUIF fixed 
attenuator 8518708, Transformers T1 through 
T4 are used to couple preknock, sync, and 
IFF video signals from the AAR to the Nike 
system and sync from the acquisition radar 
system to the tracking radar system. 


87.2 (U). Auxiliary Acquisition Control 
Interconnecting Group 9988902 
and Auxiliary Acquisition 
Interconnecting Box 9989089 

a. The auxiliary acquisition contro] intercon- 
necting group consists of auxiliary acquisition 
cabinet 9143830, HIPAR auxiliary control-indi- 
eator 9156314, LOPAR auxiliary control-indi- 
cator 9156366, HIPAR resolver amplifier 

9984381, FUIF relay assembly 9984404, and 
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PPI test panel 9136426. It provides space for 
mounting connectors, terminal boards, fuses, 
and fuse indicator lamps. Four 0.031-ampere 
fuses and four fuse indicator lamps are mount- 
ed on the cover, ACQ RADAR -250V fuse 
Fl (B2, fig. 94, TM 9-1480-257-20) protects 
the LOPAR ~250-volt supply from damage 
caused by failures in the FUIF equipment. If 
a malfunction occurs in the FUIF equipment 
connected to the -250-volt supply and Fi 
blows, the —250-volt supply will continue to 
operate; only the FUIF equipment will be- 
come inoperative. ACQ RADAR +250V fuse 
F2 provides the same protection for the 
LOPAR +250-volt supply. COMP —250V fuse 
F3 and COMP +250V fuse F4 protect the 
-250-volt and +250-volt supplies in the com- 
puter. Fuse indicator lights DS1 through DS4 
are blown fuse indicators for F1 through F4, 
respectively. 


b. The auxiliary acquisition interconnecting 
box provides space for mounting terminal 
boards, connectors, and cables associated with 
the HIPAR, LOPAR, and FUIF equipment. 
The terminal boards provide terminals for 
connecting signal and power leads into the 
director station trailer wiring. 


87.3 (U}. HIPAR Auxiliary Control-Indicator 
9156314 
a. General. The HIPAR auxiliary control- 
indicator contains part of the controls and in- 
dicators for the high-power acquisition radar. 
It is a subassembly of the auxiliary acquisition 
control interconnecting group. 


b, Detailed Theory. 


(1) The external automatic tuning mecha- 
nism can be made to tune the HIPAR 
transmitter and receiver to one of 10 
preselected frequencies by operating 
any one of CHANNEL SELECT 
switches S1 through S10 (fig. 95, TM 
9-1480-257-20). A second set of 
contacts on the switches disables the 
high-voltage circuits during the tun- 
ing period, which is approximately 30 
seconds. HIPAR STATUS-OPERATE 
indicator light DS5 indicates that 
power is available at the channel se- 
lect switches. CHANNEL indicator 
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light DS1 indicates which of the 10 
channels is in use. 

(2) HIPAR STATUS-READY indicator 
light DS8 and HIPAR STATUS-ON 
indicator light DS4 indicate that the 
transmitter is ready to operate or is 
in operation. 

(3) DRIVE OVERLOAD RESET indica- 
tor light DS2 indicates an overload 
in the tuning circuits. DRIVE OVER- 
LOAD RESET switch $12 is used to 
reapply power when the overload is 
cleared. 

(4) BATTLE SHORT switch S11 is used 
to bypass the delay timers in an 
emergency situation. TEST ENABLE 
switch $13 conditions the equipment 
for testing. POWER OUT meter M1 
gives an indication proportional to 
the power output of the HIPAR 
transmitter. 


87.4 (U). LOPAR Auxiliary Contro!-indicator §} 
9156366 
a. General. The LOPAR auxiliary control- 
indicator contains part of the controls and in- 
dicators for the LOPAR. It is a subassembly 
of the auxiliary acquisition control intercon- 
necting group. 
b. Detailed Theory. 
(1) INDICATOR HV switch S6 (fig. 96, 
TM 9-1430-257-20) applies ac power 
to the indicator high-voltage circuits, 
and INDICATOR HV-ON indicator 
light DS5 indicates that the power is 
on. 
(2) The magnetron high-voltage control 
circuit consists of HV SUPPLY switch 
83, auto transformer T1, HV SUP- 
PLY-ON indicator light DS38, HV 
SUPPLY-READY indicator light DS4, 
HV SUPPLY-ON switch S84, HV 
SUPPLY-OFF switch $5, and contacts 
2 and 1 of S2B. In order to turn on 
the magnetron high voltage, the con- 
trol knob for T1 must be operated 
to the minimum output or START 
position, closing $3. If NOISE GEN 
switch $2 is in the OFF position, 
closing S4 completes a relay ground 


ce 


(3) 


(4) 


(5) 


circuit enabling the magnetron high- 
voltage circuits. The external relay 
locks through closed contacts of S5, 
and Tl may be adjusted for full out- 
put without breaking the high-volt- 
age circuit. Operating 85 breaks the 
high-voltage circuit. Resistors R2 and 
R3 are current limiting resistors to 
protect T1 against overload. 

When S2 is in the ADJ position, the 
external noise generator circuit is en- 
ergized by —28 volts applied through 
terminal 195 of auxiliary acquisition 
control interconnecting group, con- 
tacts 5-7 of S2B, 9-11 of C2A, and 
terminal 194 of the auxiliary acquisi- 
tion contro] interconnecting group. 
NOISE indicator light DS2 is illumi- 
nated by —28v applied through con- 
tacts 5-7 of S2B. At the same time, 
meter M1 and shunt resistor R1 are 
connected across the output of the 
receiver noise circuit. When 52 is 
operated to MEAS, the noise gener- 
ator circuit is disabled by open con- 
tacts 9-10 of S2A. However, DS2 
remains energized to show that M1 
is being used for noise measurements. 
M1 is then directly across the output 
of the receiver noise circuit. 

When S82 is in the OFF position and 
the magnetron high voltage is on, 
MAGNETRON indicator light DS1 
is energized and meter M1 is across 
the output of switch S1. Depending 
on its position, $1 applies a voltage 
proportional to magnetron current 
(MAG MA), modulator high voltage 
{RECT KV), or modulator current 
(RECT MA). 

MTI SECTOR ANGLE resolver B1 
is positioned to indicate the center- 
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line of the sector display of the MTI 
circuits. HIPAR select relay K1 is 
energized when it is desired to switch 
from the LOPAR to the HIPAR. 
Among other things, K1 removes the 
excitation from resolver B1, 


87.5 (U}. Auxiliary Acquisition Control 
Interconnecting Group 9989071 
and Auxiliary Acquisition Inter- 
connecting Box 9989067 

a, General. Auxiliary acquisition control in- 
terconnecting group 9989071 and auxiliary ac- 
quisition interconnecting box 9989067 are 
similar to and perform the same function as 
the auxiliary acquisition control intercon- 
necting group 9988902 and auxiliary acquisi- 
tion interconnecting box 9989089 discussed in 
paragraph 87.2 above. The differences in de- 
tailed theory are discussed in b below. 

b. Detailed Theory. 

(1) Auxiliary acquisition control inter- 
connecting group 9989071 (fig. 94, TM 
9-1430-257-20) differs from 9989089 
because HIPAR resolver amplifier 
9984381 is replaced. HIPAR resolver 
amplifier 9990729 and the associated 
wiring is modified as required. 
Auxiliary acquisition interconnecting 
box 9989067 replaces 9989089. Trans- 
formers T2, T3, and T4, and associ- 
ated wiring are added to isolate sync, 
video, and preknock circuits between 
HIPAR acquisition radar or auxiliary 
acquisition radar (AAR) and the im- 
proved NIKE-HERCULES system. 


88 (U). FUIF Relay Assembly 8518681 

a. General. The FUIF relay assembly trans- 
fers fire and target tracked data from the ac- 
quisition and tracking radar systems to FUIF 
system AN/FSG-1 or AN/MSG-4. 
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b. Detailed Theory. The FUIF relay assem- 
bly contains two relays which provide ground 
connections to FUIF system AN/FSG-1 or AN/ 
MSG-4, When ground is applied at connector 
P1-5 (fig. 47, TM 9-1430-257-20), target 
tracked relay K2 is energized and contacts 9-2 
close, applying ground to connector P1-4. 
When ground is applied at connector P1-7, 
fire relay Ki is energized and contacts 9-2 
close, allowing ground to be applied to connec- 
tor P1-2. Varistor CRIC in parallel with the 
coil of K2 and varistor CR1A in parallel with 
the coil of K1 prevent arcing in the relay coils. 


88.1 (U). HIPAR Resolver Amplifier 9984381 


a. General. The HIPAR resolver amplifier is 
a dual-channel audio amplifier of conventional 
design used to amplify the output of an acquisi- 
tion azimuth resolver. 


b. Detailed Theory. Since the two channels 
are identical, only the north-south channel will 
be described, The 4-ke sine wave signal from 
the acquisition azimuth resolver is applied to 
connectors Pl-1 and P1-3 (fig. 97, TM 
9-1430-257-20/1). The signal is coupled 
through impedance matching transformer T4 
and developed across variable resistor R23. The 
variable resistor acts as a gain control. The ad- 
justed output signal is applied to the grid of 
voltage amplifier V1 through the parallel 
combination of resistor R1 and capacitor C6. 
Resistor R1 and part of variable resistor R23 
form the grid load for V1. Capacitor C6 forms 
part of a voltage divider for the high-frequency 
component of the feedback voltage. Bias for V1 
is developed across cathode resistor R3 and 
bypass capacitor C5. Resistor R5 is the screen 
dropping resistor, and capacitor C2 the screen 
bypass. The amplified and inverted output of 
V1 is developed across plate load resistor R4 
and coupled through capacitor C3 to the grid 
of power amplifier V2. Resistor R9 is the grid 
load. Bias for V2 is developed across cathode 
resistor R6 and bypass capacitor C8. The am- 
plified and inverted output of V2 is developed 
across parasitic suppressor resistor R7 and the 
primary of output transformer T2. Capacitor 
C9 and resistor R10 decrease high-frequency 
response (harmonic suppression) by shunting 
the primary of T2. Resistor R8 and capacitor 
C1 form a decoupling network for the screen 
and plate circuits. Response to high frequencies 
244.2 
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(harmonies) is further reduced by shunt re- 
sistor R21 and capacitor C4 across the sec- 
ondary of T2, plus selective feedback through 
the parallel combination of resistor R2 and ca- 
pacitor C7. More energy is fed back through 
C7 at the higher frequencies, thus reducing the 
high frequency gain. Stepdown transformer 
Tl provides filament voltage for the amplifier 
tubes. 


89 (U). FUIF Fixed Attenuator 8518708 

a. General. The FUIF fixed attenuator is used 
to attenuate and transmit target coordinate 
data from the computer to FUIF system AN/ 
FSG-1 or AN/MSG-4. It also isolates the com- 
puter system from the FUIF system, prevent- 
ing any faulty ground connection in the FUIF 
system from affecting the operation of the com- 
puter. 


b. Detailed Theory. The FUIF fixed attenu- 
ator (fig. 48, TM 9-1430-257-20) contains 
four channels for attenuating signals from the 
computer; the +X, +Y¥r, +Hy, and -+-D,y chan- 
nels. Since all channels contain similar circuits 
and operate in a similar manner, only the +-Xy 
channel is discussed, The +Xy impedance net- 
work Z1 contains a series-dropping resistor 
between terminals 1-2 and a signal-developing 
resistor between terminals 2-3. Capacitor C1 
bypasses transient signals to ground, After the 
+X, signal is attenuated by Z1, the signal be- 
comes -++Xq (FUIF) and is applied to connector 
P1-8. The four outputs, +X, (FUIF), +Y¥z 
(FUIF), +H» (FUIF), and +D,y (FUIF), are 
fed to FUIF system AN/FSG-1 or AN/MSG-4. 


89.1 (U). FUIF Relay Assembly 9984404 

a. General. FUIF relay assembly 9984404 
transfers fire and target tracked data from the 
acquisition and tracking radar systems to 
FUIF system AN/FSG-1 or AN/MSG-4. It also 
transmits target coordinate data from the 
computer to the FUIF system. 


b. Detailed Theory, The FUIF relay assem- 
bly contains two relays which provide ground 
connections to FUIF system AN/FSG-1 or 
AN/MSG-4, When ground is applied at connec- 
tor P2-5 (fig. 98, TM 9-1430-257-20/1), 
target tracked relay K2 is energized and con- 
tacts 9-2 elose, applying ground to connector 
P2~4. When ground is applied at connector 
P2-7, fire relay K1 is energized and contacts 
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channel, the Y deflection channel re- 
mains grounded, resulting in a simu- 
lated target on the PPI screen at 
4800 mils in azimuth, With S1 in 
+¥ AXIS position, +15.6 volts is ap- 
plied to the Y deflection channel; 
the X deflection channel is grounded, 
resulting in a simulated target on the 
PPI screen at 0 mils in azimuth. 
With S1 in the -Y AXIS, —15.6 volts 
is applied to the Y deflection chan- 
nel, the X deflection channel remains 
grounded, resulting in a simulated 
target on the PPI screen at 3200 mils 
in azimuth. Capacitors Cl and C2, 
connected externally through termi- 
nals S1 to terminals Z1-2 and Z1-8, 
bypass transient voltages to ground. 

(8) Test points. Test point TP1 is pro- 
vided for monitoring the output of 
the pulse generator. Test point TP2 
is provided for monitoring the X- 
analog positioning voltage, test point 
TP8 is provided for monitoring the 
+250 volts, and test point TP4 is pro- 
vided for monitoring the +15.6-volt 
output of Z1. 


90.1 (U), Resolver-Video Amplifier 9990729 

a. General. The resolver-video amplifier is 
a dual-channel audio amplifier of conventional 
design used to amplify the output of an ac- 
quisition azimuth resolver and a video ampli- 
fier which is used to separate two system 
grounds by 1000 ohms and provides video 
isolation. 

b. Detailed Theory. The resolver-video am- 
plifier (fig. 49.1, TM 9-1430-257-20) contains 
two channels used to amplify the output of 
the acquisition azimuth resolver. Also in- 
cluded is a video isolation amplifier connected 
0 amplify the voltages on the center conduc- 
cor of J1 with respect to the shield, and to 


TM 9-1430-250-35 


reject any voltage differential between the 
shield and the chassis. 


(1) Resolver amplifiers. Amplifiers V3 
and V4 with their associated circuit 
components comprise the North-South 
amplifier channel and amplifiers V5 
and V6 with their associated circuit 
components comprise the East-West 
amplifier channel. The theory of op- 
eration of the acquisition azimuth re- 
solver amplifiers is the same as the 
theory for the HIPAR resolver am- 
plifier described in paragraph 88.1 


(2) Video isolation amplifier. Video from 
the AAR (auxiliary acquisition radar) 
is applied through AAR VID INPUT 
connector Jl. Resistor Rl is the 
terminating resistor for the coaxial 
cable connected at J1. Capacitor C1 
is a coupling resistor to grid 7 of 
cathode follower section 6-7-8 of V1. 
Resistor R2 is the grid resistor for 
grid 7. Crystal diode CR1 shunts 
the negative portions of the video to 
the shield connection of J1. The 
positive output from cathode 8 is de- 
yeloped across resistor R28 and R6- 
R7 parallel resistors. The output 
voltage developed across common 
cathode resistors R6 and R7 is cath- 
ode coupled to grounded grid ampli- 
fier section 2-3-4 of V1. Resistor R5 
is the plate load for section 2-3-4 of 
V1. The positive output developed 
across R5 is coupled through capaci- 
tor C2 to the grids of cathode fol- 
lower V2, The shield connection of 
Ji is connected to the voltage divider 
consisting of resistors R3 and R4. 
This divider reduces the gain of sec- 
tion 2-3-4 of V1 to compensate for 
the less than unity gain of section 
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6-7-8 of V1. Any voltage difference 
between the shield connection of J1 
and chassis ground is inverted in 
amplifier section 2-8-4 of V1 causing 
a rejection of any voltage difference 
in the output developed across plate 
load resistor R5. Both sections of 
cathode follower V2 are connected in 
parallel to provide the necessary driv- 
ing power to the external circuit, The 
grids of V2 are biased at —6 volts by 
the voltage developed across resistor 
R10 which is part of the voltage di- 
vider consisting of resistors R11 and 
R10 between -250 volts and ground. 
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Resistor R9 is the grid resistor and 
diode CR2 is a clamping dicde. Re- 
sistors R12 and R13 are parasitic sup- 
pressors. The positive output voltage 
is developed across cathode resistor} 
R14 and coupled to AAR VID OUT- 
PUT connector J2 for use in the 
external circuit. 


91 (U). Battery Controf Interconnecting 


Box 8512908 and Housing 
8513740 


a, General. The battery control interconnect- 
ing box provides space for mounting terminal 
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Figure 106. PPI test pancl—pulse generator—simplified schematio diagram, 

boards and subassemblies, Terminal boards in the tive lines entering the trailer from the 
box provide terminals for connecting, at a com- outside. These blocks are part of tele- 
mon point, several leads carrying the same data. phone protector TA-274/G discussed in 

Four subassemblies are mounted in the box: RE- (3) below. 
VERSAL SWITCHES, telephone set TA-272/ (2) Telephone set TA-972/G. Telephone 
G, telephone protector TA-274/G, and composite set TA-272/G is the same as telephone 
telephone circuit TA-346/M. There are no items set TA-272/G covered in paragraph 52. 
mounted on the housing, (8) Telephone protector = TA-274/E— 
4, Detailed Theory. 8008998. Telephone protector TA-274/G 
(1) REVERSAL SWITCHES. The RE- (TM 9-1400-251-12) is inserted in the 
VERSAL SWITCHES (fig. 107) pro- telephone trunk line paths to prevent 
vide reversing of azimuth gyro (AG) damage to the telephone circuits due to 
data in the director-computer group. an overload of voltage. Telephone pro- 
This insures that an indication may be tector TA-274/G is composed of 52 light- 
read on MISSILES PREPARED meter ning arrestors and 52 signal binding posts. 
M1 on the battery signal-panel indicator. The binding posts are connected in series 
These switches were added to the battery with the telephone circuits, and the light- 
control interconnecting box circitits start- ning arrestors are connected between the 
ing with system 1063. The Ordnance binding posts and ground. The lightning 
number remains unchanged. AG-REF arrestors are composed of carbon blocks 
switch S3 reverses polarity of the data which offer a high resistance to normal 
in the AG reference circuits. AG SIG. telephone voltages and low resistance to 
switch $2 reverses polarity of the data in high voltages. The carbon blocks have 
the AG signal circuits. Protector blocks an accurately gauged separation of a few 
connected to terminals TY2-22 through thousandths of an inch. One block is 
TY2-25 are lightning arrestors used to connected to a binding post and the other 
protect the data circuits. The blocks are to ground. Under normal operation, the 
located at the first junction of the respec- carbon blocks present a high resistance 
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Figure 107. (W) Reversal switches—simplifed schematic diagram, 


to the trunk lines, and any signals pres- 
ent at the binding post pass through to 
the telephone circuits. When an overload 
of voltage appears on a trunk line, the 
resistance of the carbon blocks decreases, 
allowing the high voltage to arc across 
the air gap to ground. This places the 
binding post at ground potential until 
the overload condition is cleared, thereby 
preventing any high voltages from being 
impressed on the telephone cingy jt 


circuit (TM 9-1400-251-12) is used to 
send gyro azimuth signal and reference 
voltages received from repeating coils in 
the computer-amplifier relay group (TM. 
9-1480-251-35) to a composite telephone 


path At 


(4) Compesite telephone, circuit 
Conereh eat BiBogerr telephone 


circuit in the launcher area. The same 
lines carry de signals without interfering 
with the gyro azimuth signal and refer- 
ence voltages. 


(a) Four external wires carry the gyro 


azimuth signal and reference voltages 
to the launcher area from the composite 
telephone circuit. Both ac and de sig- 
nals are present and have separate 
paths through the composite telephone 
circuit. These signals are combined 
externally forming a true composite 
circuit. The ac and de signals are pre- 
vented from interfering with each 
other by the use of capacitors C1 
through C4 and inductors L1 and L2. 
A field telephone wire circuit is also 
included in this unit. The two wires 


CONFIDENTIAL 


ck 


in the field wire circuit form compo- 
site circuits in the same manner as 
the gyro azimuth circuits mentioned 
in (a) above. Capacitors C5 through 
C8 and inductor L3 prevent interfer- 
ence of one signal with the other. 


91,1 (U). Electronic Frequency Discriminator 


a. General. 


9990650 
The electronic frequency dis- 


eriminator is used in the jam strobe channel 
to convert the output from the amplifier-limiter 
to a video voltage of appropriate polarity and 
amplitude for use in the electronic gate. 
b. Detailed Theory. 
(1) The IF input signai is applied through 


(2 


IF IN connector J1 (fig. 49.7, TM 9- 
1430-257-20), developed across match- 
ing resistor R3, and coupled through 
capacitor C6 to the grid of IF ampli- 
fier V1. Inductor Li in series with 
resistor R4 provide a grid return. Ca- 
pacitor C7 stabilizes the bias voltage. 
A —10 volts bias is applied through 
connector P1-1 during calibration 
to cut off the amplifier. During 
operation, a —12-volt gate is applied 
from preknock to syne to allow the 
de restorers to reclamp. Series re- 
sistors R5 and R6 form the cathode 
resistance, Unbypassed R5 provides 
degenerative feedback to stabilize the 
amplifier gain. Capacitor C8 across 
R6 stabilizes the cathode bias. Plate 
load inductor L5 and variable capaci- 
tor C14 form a tuned circuit which 
tunes the amplifier plate circuit to the 
correct frequency. Resistor R7 pre- 
vents spurious oscillations at the 
screen grid, and capacitor C9 bypasses 
screen grid RF to ground to stabilize 
the screen voltage. Networks Z1 and 
Z2 with capacitors C10 and C4 de- 
couple RF from the plate power sup- 
ply. 

The output of amplifier V1 is cou- 
pled through capacitors C15 and C1é 
to detectors V2A and V2B, which, 
with their associated components form 
a discriminator circuit. The input 
circuit to the plate of V2A, composed 
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of inductor L7, variable capacitor C18, 
and capacitor C20 is tuned to 48 meg- 
acycles. The input circuit to the cath- 
ode of V2B, composed of inductor L8 
and variable capacitor C19 is tuned to 
52 megacycles. The two frequency 
peaks are balanced in amplitude by 
adjustment of variable capacitor C14 
in the output circuit of V1. 

A positive output voltage from de- 
tector V2A is developed across resis- 
tor R9 and capacitor C21 and applied 
to the summing circuit consisting of 
R11 and R12. A negative output volt- 
age from V2B is developed across re- 
sistor R10 and capacitor C22 and also 
applied to the R11-R12 summing cir- 
cuit. The output voltage at the junc- 
tion of resistors Ril and R12 is ap- 
plied to the control grid of cathode 
follower V3 and to grid 2 of differen- 
tial amplifier V4. When the 48- and 
52-megacycle inputs to V2A and V2B 
are equal in amplitude, capacitors C21 
and C22 in the output circuits will be 
changed to equal and opposite voltages, 
and the output from the junction of 
the resistors will be zero. When the 
48-megacycle input is greater, the 
output is greater from V2A and the 
output is positive. When the 52-meg- 
acycle input is greater, the output 
from V2B is greater and the output 
is negative. The output voltage will 
vary around a —6.3-volt reference 
which is developed in the voltage di- 
vider consisting of resistors R2 and 
Rl between —250 volts and ground 
and which is stabilized by capacitor 
Ci. 

Cathode follower V3 is a dual triode 
with both sections connected in paral- 
lel. Resistors R18 and R16 are para- 
sitic suppressors, and resistor R14 
with capacitor C28 decouple the plate 
supply voltage. The output video is 
developed across resistor R15 and ap- 
plied to the external electronic gate 
through JS VID OUT connector J2. 
Diode CR1 is connected to the junction 
of resistors R11 and R12. When the 
JS ALINEMENT switch S1 on the 
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auxiliary acquisition control indicator 
(fig. 49,2, TM 9-1430-257-20) is in 
the OPERATE or AUX ADJ position, 
the diode connection (fig. 49.7, TM 
9-1430-257-20) is changed to the junc- 
tion point between resistors R9 and 
R10. Diode CR1 clips the negative 
portion of the discriminator output so 
that only the positive portion which 
is at 48-megacycles is used as jam 
strobe video. 
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Differential amplifier V4 amplifies the 
discriminator output and applies it 
to an external meter. Grid 7 of V4 is 
connected to the —6.3 voltage across 
Ri and serves to keep the meter ref- 
erence at the zero input reference to 
the discriminator. Grid 2 is connected 
to the discriminator output. Resistors 
R17 and R18 are plate load resistors 
for the two sections of V4. The output 
from the two sections of V4 are ap- 
plied through METER 1 and METER 
2 connectors P1-7 and P1-9. The out- 
put of the two sections of V4 are bal- 
anced for no signal condition through 
resistors R19 and R20 in an external 
voltage divider network, 


92 (U). Equipment Cooling Cabinet 
8158225 

The equipment cooling cabinet houses the 
equipment cooling fan described in paragraph 
93 below. Also mounted in the equipment 
cooling cabinet is a 8-phase induction type 
motor for driving the equipment cooling fan 
and IFF decoder MX-1995/TPX. 


92.1 (U). Equipment Cooling Cabinet 
9985626 

The theory of operation for equipment cool- 
ing cabinet 9985626 is the same as that for 
equipment cooling cabinet 8158225 discussed 
in paragraph 92 except for relay K1 added by 
DA MWO 9-1400-263-30. Coaxial relay K1 
(D71, fig. 2.1, TM 9-1480-257-20), when en- 
ergized, switches IFF video input to IFF de- 
coder MX-1995/TPX from NAR (Nike ac- 
quisition radar) to AAR (auxiliary acquisition 
radar). 


248 


ce 


93 (U). Equipment Cooling Fan 8010350 

a. General. The equipment cooling fan, lo- 
cated in the equipment cooling cabinet, pro- 
vides air cooling for the vacuum tubes and 
other circuit components in the director station 
trailer. The equipment cooling fan is of the 
centrifugal (outward blowing from center of 
rotation) type and works in conjunction with 
the intake and exhaust shutters. The intake 
and exhaust shutters control the amount of 
air that is displaced. Equipment other than 
the equipment cooling fan shown in figure 
50, TM 9-1480-257-20 is covered in paragraph 
94. 

b. Detailed Theory. The equipment cooling 
fan is driven by a 3-phase induction type fan 
motor B1 (fig. 50, TM 9-1430-257-20). Fan 
motor B1 is Y-connected to the 120-volt, 3- 
Phase power supply through connectors J1-A, 
B, and C with neutral connected to connector 
J1-D. Fan motor B1 is started by placing 
MAIN POWER switch 84 and EQPT VENT 
switch S7 (both located on the acquisition 
power control panel) to the ON position. Two 
power factor correcting capacitors are connect- 
ed across each of the 3-phase inputs to B1. 


Capacitors C1 through C6 are the power factor | 


correcting capacitors. The power factor is the 
cosine of the phase angle between the current 
and voltage in the circuit. If the power factor 
‘can be made to approach unity, the power lost 
in the circuit due to the reactive components 
is small. The power factor is unity when the 
current and voltage are in phase. The capac- 
itors across each of the input phase counter- 
act the inductive effect of the induction motor, 
thereby reducing the phase angle between the 
current and voltage. 


94 (U). Miscellaneous Cabinet-Mounted 
Components of Utility Cabinet 
8010602 
a, General. The miscellaneous cabinet-mount- 
ed components of the utility cabinet may be 
divided into four basic items; shutter and 
damper level, indicators, relays, and switches. 
b. Detailed Theory. 
(1) Shutter and damper lever. The shut- 
ter and damper lever (fig. 108) has 
a 5-position slide opening (close, 1/4, 
1/2, 3/4, open) to regulate the ex- 
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Figure 108 (17). Utility eabinet—miscellaneous eabinet-mounted componente. 
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haust damper, and thus control the 
flow of air through the equipment 
cooling system. 

Indicators. Overheat indicator light 
Tl (fig. 50, TM 9-1480-257-20) is a 
visual overheat indicator, and buzzer 
indicator I2 is an audible overheat 
indicator. When the exhaust temper- 
ature reaches 140° F, high tempera- 
ture alarm switch S1 closes and ap- 
plies ground through connector TB1- 
5, thus completing the circuit for I1 
and 12. EXHAUST TEMPERATURE 
meter M1 (fig. 108) is a temperature 
indicating meter used in conjunction 
with Sl. The temperature range of 
M1 is from —20° to +180° in incre- 
ments of 5° F. 

Relays. Overheat relay K1 (fig. 50, 
TM 9-1430-257-20), in the deener- 
gized condition, completes the circuit 
for I2 through contacts 10 and 3. 
Relay K1 is energized by operating 
buzzer switch S1. When K1 is ener- 
gized, contacts 10 and 3 are opened 
and 12 is silenced. 

Switches. Buzzer switch S1, when op- 
erated, applies a ground through 
connector TB1-6 and completes the 
energizing circuit for Kl. High tem- 
perature alarm switch S1 is of the 
thermal type and is located in the ex- 
haust portion of the cooling system. 
High temperature alarm switch $1 is 
designed to close when the exhaust 
temperature reaches 140° F and re- 
main closed until the temperature de- 
ereases to 130° F. 
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95 (U). Target Data Processing Unit 
9990673 and Auxiliary 
Acquisition Interconnecting Box 
9986480 

a. General. The target data processing unit 
and auxiliary acquisition interconnecting box 
provide space for monitoring terminal boards, 
subassemblies, relays, fuses, and fuse indica- 
tor lamps that are associated with the FUIF 
equipment, auxiliary acquisition radar (AAR), 
and antijam display (AJD). 

b. Detailed Theory. The target data process- 
ing unit and auxiliary acquisition intercon- 
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necting box (fig. 46.2, TM 9-1430-257-20) in- 
corporate the following subassemblies for AJD: 
(1) Auxiliary electronic frequency con- 
verter 9990588 (fig. 49.6, TM 9-1430- 
257-20) described in paragraph 98. 
Main electronic frequency converter 
9990577 (fig. 49.3, TM 9-1430-257-20) 
described in paragraph 97. 
Amplifier-limiter 9156529 (fig. 49.4, 
TM 9-1430-257-20) described in para- 
graph 99. 
Wide band IF amplifier 9990700 (fig. 
49.5, TM 9-1430-257-20) described in 
paragraph 100. 
Electronic frequency discriminator 
9990650 (fig. 49.7, TM $-1430-257-20) 
described in paragraph 91.1. 
Auxiliary acquisition control-indicator 
9990687 (fig. 49.2, TM 9-1430-257-20) 
described in paragraph 96. 
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ec. Miscellaneous Cabinet Mounted Compo- 
nents. The theory of operation of the target 
data processing unit and auxiliary acquisition 
interconnecting box is similar to the theory 
of operation of the FUIF interconnecting box 
and cover discussed in paragraph 87. Normal , 
IF, main IF, and auxiliary IF from the re-\ 
ceiver-transmitter is detected, combined and 
converted into ACQ IF (IF, Dicke Fix or nor- 
mal IF) and jam strobe (JS) video for the 
director station group circuits. ADJ relay K1 
switches normal or main IF into ACQ IF filter. 
The ACQ IF filter is an extremely narrow band 
60 megacycle bandpass filter of 1 megacycle. 
Main and auxiliary IF is coupled from the 
main and auxiliary electronic frequency con- 
verters through narrow bandpass IF filters of 
1 megacycle. The main IF channel filter is cen- 
tered at 48 megacycle and the auxiliary IF 
channel filter is centered at 52 megacycle. The 
outputs of these two filters are coupled into 
the IF coupler. The IF coupler is a hybrid 
coupler which combines the 48- and 52-mega- 
cycle IF signals into a composite IF signal 
output. Transformers T1 and T2 supply 6.3- 
volt ae to filament circuits. Transformers T1 
through T4 in the auxiliary acquisition inter; 
connecting box are used to couple preknock, 
sync, and IFF video signals from the AAR to 
the Nike system and syne from the acquisition 
radar system to the tracking radar system. 
Switches S1 through 54 are low-voltage inter- 


ce 


locks. Indicator lights DS5 and DS6 indicate 
ac voltage is present. 
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Auxiliary Acquisition Control- 
Indicator 9990687 


a, General. The auxiliary acquisition control- 
indicator acts as a test panel for easy align- 
ment and adjustment of the jam strobe chan- 
nel. The indicator provides the appropriate 
switching of associated relays, correct bias 
voltages, blanking waveforms and meter for 
adjustment indications. 

b. Detailed Theory. 


(1) 


(2) 


TEST ENABLE relay K1 (fig. 49.2, 
TM 9-1430-257-20), is energized by 
the high voltage interlock circuits. K1 
is energized only when the transmit- 
ter is turned off. When the transmit- 
ter is turned on K1 deenergizes and 
returns all circuits associated with 
JS ALIGNMENT switch Si to the 
operate condition regardless of the 
position of S1. 

The operations of JS ALIGNMENT 
switch S1 is described below: 


(a) OPERATE. Contacts 1-6 of 51-B 


connect crystal diode CR1 in the 
differential amplifier circuit of the 
electronic frequency discriminator 
which removes the negative portion 
of the jam strobe video. In this 
manner video output from the jam 
strobe channel is limited to returns 
from the main beam of the acqui- 
sition antenna. Contacts 7-12 of 
S1-B connects the jam strobe blank- 
ing waveform from AGC into the 
input grid circuit of IF amplifier 
V1 in the electronic frequency dis- 
criminator. The blanking waveform 
cuts off V1 during the preknock to 
syne pulse interval. This action al- 
lows de restorers in associated video 
circuits to reelamp during clockwise 
jamming. Resistor R17 is an input 
matching resistor and crystal diode 
CRS block positive excursions of the 
blanking waveform. 


(b) CALIBRATE. Through contacts 


8-12 of S1-B a 10-volt negative de 
bias from resistor R4 and Rd is ap- 
plied to the input grid of IF ampli- 


{c) 


(d) 


TM 9-1430-250-35 


fier V1 in the electronic frequency 
discriminator. This bias cuts off V1 
and prevents signal from the grid 
circuits of V4 in electronic fre- 
quency discriminator. Balancing 
voltage from BAL resistor R16 and 
resistor network R13 through R15 
is applied to the cathode circuit of 
differential amplifier V4 in the elec- 
tronic frequency divider. The out- 
put from the plate circuit of V4 is 
applied to meter M1. Crystal diodes 
CRI and CR2 and resistors Rl, R2, 
and R38 insure proper polarity and 
current through M1. BAL resistor 
R16 is adjusted to obtain a zero 
reading on M1. 

AUX ADJ. A negative 10 volts bias 
from the junction of resistors R6 
and R9 is connected through con- 
tacts 15-18 of S1-B to the gain con- 
trolled stages of the main electronic 
frequency converter. AUX BIAS 
resistor R11 is adjusted for meter 
M1 to read —15 units. This adjust- 
ment insures that the gain of the 
auxiliary electronic frequency con- 
verter is sufficient to overcome noise 
present in the amplifier-limiter, 
MAIN ADJ. Contacts 4-6 of SLA 
enables the noise generators in the 
main and auxiliary channels. Con- 
tacts 11-12 of S1-A energize relay 
K1 in the main electronic frequency 
converter. When K1 in the main 
electronic frequency converter is 
energized a 10 db pad is removed 
from the converter input. The gain 
of the main channel is set to match 
that of the auxiliary channel. The 
output of the electronic frequency 
discriminator is coupled into the M1 
meter circuit through contacts 16-18 
of S1-A. The main channel gain is 
adjusted so that a zero reading is 
obtained on M1. SEN switch S2 is 
depressed which energizes relay K1 
in the auxiliary electronic frequency 
converter. This action inserts a 2 
db pad into the input circuit of the 
converter, M1 is then read to meas- 
ure the amount of unbalance caused 
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97 (U). 


by a 2 db difference in power to the 

main and auxiliary channels. 
Capacitors C1 and C2 provide ac de- 
coupling for the de bias circuit, Var- 
istor RV1 provide regulation for re- 
lay Ki. 


Main Electronic Frequency 
Converter 9990577 


a. General. The main electronic frequency 
converter is used in the jam strobe (JS) chan- 
nel to convert the 60 megacycle main IF to 
48 megacycle for further processing in the 
power comparator section of the JS channel. 

b, Detailed Theory. 


q) 


(2) 
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Main IF signals are coupled through 
IF IN connector J1 (fig. 49.8, TM 9- 
1430-257-20) to relay K1 and match- 
ing resistor R1. With K1 deenergized, 
contacts 1-5 of K1 couple the signal 
through a 10db attenuator consisting 
of resistor R2 and R3 to DF IF OUT 
connector J3. From R1, the signal is 
coupled through contacts 3-6 of K1 to 
a tuned circuit composed of the pri- 
mary of transformer T1 and capaci- 
ters Cl and C2. When switch Sl in 
the auxiliary acquisition control indi- 
cator is set to MAIN ADJ position, 
Kt is energized, removing the IF from 
the dicke-fix channel. 

The 60 megacycle signal is coupled 
through T1 to the control grid of IF 
amplifier V1. The output from V1 is 
coupled through coupling transformer 
T2 to the control grid of IF amplifier 
V2. Bias voltage from the auxiliary 
acquisition control-indicator is applied 
from connector P1-A through rf filters 
consisting of resistor R35, capacitors 
C13, C14, and C16, and filters Z1 and 
72 to the control grid circuits of V1 
and V2. Cathode-resistor bias for V1 
and V2 is provided by capacitors C3, 
C4, and resistors R6 and R11, while 
degenerative bias resistors R5 and 
R10 increase stability. Resistors R7 
and R12 are screen grid dropping re- 
sistors, Resistors R8 and R13 are 
plate dropping resistors. Resistors R4, 
R9, and R14 provide impedance 
matching for Ti, T2, and T3. The 
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output of V2 is coupled through T3 
into a 75 ohm ferrite core transformer 
T4, whose secondary couples balanced 
60 megacycle signals to the control 
grids of mixers V3 and V4. 

Crystal Y1 maintains the output fre- 
quency of oscillator V6 at 108 mega- 
cycles, Excitation for Y1 is coupled 
through capacitor C19 and resistor 
R26 from the V6 plate circuit. The 
tuned grid circuit of V6 is comprised 
of C18, inductor L3, and resistor R27, 
while the tuned plate circuit is com- 
prised of inductor L4, dropping resis- 
tor R29, C19, and R26. The output of 
V6 is coupled through capacitor C22 
and across resistor R30 to the input 
grid of buffer amplifier V7, which pro- 
vides signal amplification while pre- 
venting loading of the oscillator cir- 
cuit. The output of V7 is fed through 
inductor L5, capacitor C26 and C27, 
forming a tuned circuit, to the pri- 
mary of ferrite core transformer T6. 
Inductor L6 is an rf choke. Resistors 
R28 and R32 are screen grid dropping 
resistors, while C21 and C24 are 
screen bypass capacitors. Cathode bias 
for V7 is provided by resistor R31 
and capacitor C28. Capacitor C28 and 
resistor R833 in the secondary of T6 
provide grid leak bias for the mixer 
grids of V3 and V4. OSC BIAS test 
point TP1 permits monitoring of the 
oscillator output. 

The 108 megacycle signal at T6 is ap- 
plied to grid 7 of both V3 and V4. The 
output plate circuit of V3 and V4 is 
tuned to 48 megacycles by inductors 
Li and L2 and capacitor C9. When 
the 60-megacycle IF is present at grid 
1 of the mixers, a resultant 48 mega- 
eyele signal is developed across resis- 
tor R20 and applied to the control grid 
of IF amplifier V5. During the inter- 
val between IF pulses, the 108 mega- 
cycle signal is effectively canceled and 
mixers V8 and V4 have no output. The 
48 megacycle signal is coupled through 
T5 to JS IF OUT connector J2. Cath- 
ode resistor bias for V3 and V4 is 
provided by resistors R17, R19, and 


cé 


(5 


98 (U). 


capacitors C7 and C8. BAL variable 
resistor R18 is adjusted for balanced 
conduction through V3 and V4. Cath- 
ode bias for V5 is supplied by resis- 
tors R21, R22, and capacitor C10. Re- 
sistors R15, R16, and R23 are screen 
grid dropping resistors. Resistor R24 
provides impedance matching for the 
output of V5 to T5. Capacitors C11 
and C12 tune the secondary of T5 for 
a 48 megacycle output. 

Filtering for the +150-volt supply is 
provided by filters Z3 through Z8 and 
capacitors C15, C17, C20, C25, C29, 
C30, and C32. Resistor R34 and capac- 
itor C81 comprise a low frequency 
noise filter. Capacitors C33 through 
C40 and inductors L7 through L13 
prevent interaction of the IF signal 
in the filament circuit. 


Auxiliary Electronic Frequency 
Converter 9990588 


a, General. The auxiliary electronic frequen- 
cy converter is used in the jam strobe (JS) 
channel to convert the 60 megacycle main IF 
to 52 megacycle for further processing in the 
power comparator section the JS channel. 

b. Detailed Theory. 


(1) 


(2) 


Auxiliary IF signals are coupled 
through IF IN connector J1 (fig. 49.6, 
TM 9-1430-257-20) to contacts of re- 
lay K1. With relay K1 deenergized, 
contacts 5-1 and 3-6 couple the signal 
direct to the tuned primary of trans- 
former T1. The tuned circuit is com- 
prised of the Tl primary and capaci- 
tors Cl and C2. When switch S1 in 
the auxiliary acquisition control-indi- 
cator is set to MAIN ADJ position, 
K1 is energized, placing a 2db attenu- 
ator consisting of resistors R1, R2, 
and R3 into the external input cireuit 
which provides adjustment of the 
auxiliary channel. 

The 60-megacycle signal is coupled 
through T1 to the control grid of IF 
amplifier V1. The output from V1 is 
coupled through transformer T2 to 
the control grid of IF amplifier V2. 
Bias voltage from the auxiliary ac- 
quisition control-indicator is applied 
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from connector P1-A through rf filters 
consisting of resistor R35, capacitors 
C18, C14, and C16, and filters Z1 and 
Z2 to the control grid circuits of V1 
and V2. Cathode-resistor bias for V1 
and V2 is provided by capacitors C3, 
C4, and resistors R6 and R11, while 
degenerative bias resistors R5 and 
R10 increase stability. Resistors R7 
and R12 are screen grid dropping re- 
sistors. Resistors R8, and R18 are 
plate dropping resistors. Resistors 
R4, R9, and R14 provide impedance 
matching for Tl, T2, and T3. The 
output of V2 is coupled through T3 
into a 75 ohm ferrite core trans- 
former T4, whose secondary couples 
balanced 60 megacycle signals to the 
control grids of mixers V3 and V4. 
Crystal ¥1 maintains the output fre- 
quency of oscillator V6 at 112 mega- 
cycles. Excitation for Y1 is coupled 
through capacitor C19 and resistor 
R26 from the V6 plate circuit. The 
tuned grid circuit of V6 is comprised 
of C18, inductor L3 and resistor R27, 
while the tuned plate circuit is com- 
prised of inductor L4, dropping re- 
sistor R29, C19, and R26. The output 
of V6 is coupled through capacitor C22 
and across resistor R30 to the input 
grid of buffer amplifier V7, which 
provides amplification while prevent- 
ing loading of the oscillator circuit. 
The output of V7 is fed through in- 
ductor L5, capacitor C26, and C27, 
forming a tuned circuit, to the pri- 
mary of ferrite core transformer T6. 
Inductor L6 is an rf choke. Resistor 
R28 and R32 are screen grid dropping 
resistors, while C21 and C24 are 
screen by-pass capacitors. Cathode 
bias for V7 is provided by resistor R81 
and capacitor C28. Capacitor C28 and 
resistor R33 in the secondary of T6 
provide grid leak bias for the mixer 
grids of V3 and V4, OSC BIAS test 
point TP1 permits monitoring of the 
oscillator output. 

The 112-megacycle signal at T6 is ap- 
plied to grid 7 of both V3 and V4. The 
output plate circuit of V3 and V4 is 
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tuned to 52-megacycles by inductors 
Li and L2 and capacitor C9. When 
60-megacycle IF is present at grid 1 
of the mixers, a resultant 52 mega- 
eycle signal is developed across resis- 
tor R20 and applied to the control grid 
of IF amplifier V5. During the inter- 
val between IF pulses, the 112-mega- 
eycle signal is effectively canceled and 
mixers V3 and V4 have no output. The 
52-megacycle signal is coupled through 
T5 to JS IF OUT connector J2, Cath- 
ode resistor bias for V3 and V4 is pro- 
vided by resistors R17, R19, and ca- 
pacitors C7 and C8. BAL variable re- 
sistor R18 is adjusted for balanced 
conduction through V3 and V4. Cath- 
ode bias for V5 is supplied by resistors 
R21, R22, and capacitor C10. Resis- 
tors R15, R16, and R23 are screen 
grid dropping resistors. Resistor R24 
provides impedance matching for the 
output of V5 to T5. Capacitors C11 
and C12 tune the secondary of T5 for 
a 52-megacycle output. 

Filtering for the +150 volt supply is 
provided by filters Z3 through Z8 and 
capacitors C15, C17, C20, C25, C29, 
and C30. Resistor R34 and capacitor 
C31 comprise a low frequency noise 
filter. Capacitors C33 through C40 
and inductors L7 through L13 prevent 
interaction of the IF signal in the 
filament circuit, 


Amplifier-Limiter 9156529 


a. General. Two amplifier-limiters are used 
in the jam strobe (JS) channel to obtain the 
necessary degree of limiting and filtering to 
enable stronger signal capture principle oper- 
ation. The amplifier receives 48- and 52-mega- 
cycle composite IF signals from the hybrid IF 


coupler. 


A power difference of 2db at the input 


causes the output signal to be entirely at the 
frequency of the stronger of the two input 
frequencies. 

b. Detailed Theory. 


(1) 
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The composite IF signal is coupled 
into the amplifier-limiter (fig. 49.4, 
TM 9-1430-257-20) through IF IN 
connector J2, across resistor R34 and 
through capacitor C1 to inductor L1, 


(2) 


(3) 
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where it is developed and applied to 
the control grid of amplifier V1. The 
signal is amplified and coupled 
through transformer Ti to amplifier 
V2, amplified again, and coupled 
through transformer T2 to the grid 
circuit of V3. 

The grid circuit of V3 contains a pair 
of crystal diodes CR1 and CR2, with 
both CR1 “cathode” and CR2 “plate” 
at ground. CR1 and CR2 are low ca- 
pacity, high speed switching diodes 
that conduct on signals greater than 
0.5 volt and effectively limit the sig- 
nal amplitude. The transitionally- 
coupled tuned transformers in the 
plate circuit of each limiter stage acts 
as a filter to reshape the bandpass 
characteristics of the amplifier before 
limiting takes place in the grid of the 
following stage. 

If the signal at the grid of V3 is 
greater than one volt peak-to-peak 
limiting action takes place. The 
limited signal appears at the grid of 
V4, increased 12db in gain by V3 and 
reshaped filtering action of T3. V4 
amplifies the signal by another 12db 
and transformer T4 again filters the 
signal. Crystal diodes CR3 and CR4 
in the grid of amplifier V5 limits the 
signal to one volt peak-to-peak and 
the whole process is repeated in the 
last three stages of amplifiers V5, V6, 
and V7. The output is coupled from 
the tuned secondary of transformer 
T7 to IF OUT connector J3 into the 
second amplifier limiter unit. The 
amplifier limiter has a center fre- 
quency of 50 megacycles, with a mid- 
power-point bandwidth of 12 mega- 
cycles. With two amplifier-limiters 
cascaded, the overall midpower-point 
is reduced to 8 megacycles. The effec- 
tive gain for a single unit is approxi- 
mately 90db. 

When the 48-megacycle signal from 
the main channel is larger than the 
52-megacycle signal from the auxili- 
ary channel, the amplifier limiter 
captures the stronger signal. The out- 
put is then at 48 megacycle and the 


| 
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electronic frequency discriminator has 
a positive output which is used as JS 
video in the composite antijam dis- 
play. The only time the 48-megacycle 
IF main channel signal can be larger 
than the 52-megacyecle IF auxiliary 
channel signal is when the major lobe 
is not pointing at the target or jam- 
ming source. 

(5) Amplifier bias is cathode resistor de- 
veloped with an additional small un- 
bypassed resistor providing slight de- 
generation to inerease stability of the 
circuit. Detuning resistor R35 and 
capacitor C36 in the +150-volt supply 
cireuit prevent interaction with IF 
frequency signals. 


100 (U). Wide Band IF Amplifier 9990700 

a, General. The wide band IF amplifier is 
a 10-megacycle bandpass IF amplifier which 
amplifies and provides hard limiting for all 
signals and normal noise. Two of these am- 
plifiers are connected in series in the dicke-fix 
receiver channel to limit any input signal. The 
input signal is amplified in each amplifier stage 
until the signal reaches the amplitude necessary 
to cause limiting. Depending on the strength 
of the input signal, first limiting will take place 
in the first amplifier or the first limiter stage 
in the second amplifier. The gain of the ampli- 
fier is such that receiver noise causes limiting 
in all stages of the second amplifier. The power 
output of the second amplifier will remain con- 
stant regardless of input signal amplitude. 

b. Detailed Theory. 

(1) The 60-megacyele input signal is ap- 
plied through IF IN connector J1, de- 
veloped across terminating resistor 
Ri, coupled through capacitor C1 and 
applied to the control grid of ampli- 
fier V1. Inductor L1 resonates with 
C1 as a series tank, such that the in- 
put impedance appears as a pure re- 
sistance. Resistor R2 provides degen- 
erative feedback to stabilize the gain 
of V1. R280 is the cathode bias resistor 
and C17 is the cathode bypass capaci- 
tor. Resistor R3 is the screen drop- 
ping resistor. The IF signal is ampli- 
fied and inverted by V1 and coupled 
to the primary of IF transformer T1, 


(2) 


(3) 
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with the output signal on the second- 
ary of Tl being coupled directly to the 
control grid of amplifier V2. Resis- 
tors R4 and R5 broaden the bandpass 
of T1 to provide the proper band- 
width. Resistor R6 is unbypassed to 
provide degenerative feedback to stabil- 
ize the gain of V2. C8 is the V2 cath- 
ode bypass capacitor. The cathode bias 
resistance is composed of resistor R32 
in series with the resistance through 
transistor Q2 and/or Ql. The IF sig- 
nal is amplified and inverted by V2 
and coupled through transformer T2 
to the contrel grid of amplifier V3. 
Resistors R8 and R9Y broaden the band- 
pass of transformer T2, R7 is the V2 
screen dropping resistor, and variable 
capacitor C2 tunes the V3 control grid 
circuit to 60 megacycles. 

Amplifier stages V4 and V6 operate 
the same way as does stage V2, and 
amplifier stages V3, V5, and V7 oper- 
ate the same way as V1, except that 
the secondary of T7 may be tuned to 
60 megacycles by variable capacitor 
C7 in parallel with capacitor C6. The 
output is coupled directly to IF OUT 
connector J2. 

There are three limiting circuits in 
the amplifier, each composed of two 
transistors with their associated com- 
ponents. These are transistors Q1-Q2, 
Q8-Q4, and Q5-Q6. Since these cir- 
cuits are identical, only the Q1-Q2 cir- 
cuit will be discussed. 

Transistor Q2 is normally turned on 
by a positive voltage on its base which 
is developed in the voltage divider net- 
work composed of diodes CR2, CR8, 
and resistor R35 from +150 volts to 
ground through the secondary of T2. 
When Q2 is turned on, the cathode re- 
sistance ig through R32 and from the 
collector to the emitter of Q2 to 
ground. The collector-emitter imped- 
ance is very low when 2 is turned 
on. When a jamming signal of suffi- 
cient amplitude to cause the output 
signal from the T2 secondary to ex- 
ceed approximately 1 to 2 volts is ap- 
plied to the input of V2, the negative 
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portions are passed through diodes 
CR2 and CR7. Diode CR7 acts as rec- 
tifier and capacitor C10 as a filter. The 
negative voltage is passed through 
CR8 and applied to the base of tran- 
sistor Q2, turning Q2 off. The collec- 
tor-emitter impedance of Q2 rises 
rapidly to a high value and the cath- 
ode circuit of V2 is now through R33 
and the base-emitter resistance of Ql 
and resistor R34 to ground. This also 
turns on normally off transistor Ql. 
The cathode voltage of V2 rises to a 
much higher positive value and lowers 
the gain of V2 by the increased bias. 
Simultaneously, the low  collector- 
emitter resistance of the now on tran- 
sistor QI is in parallel with resistor 
R80. This action increases the gain 
of V1 because the cathode voltage is 
reduced through the low resistance to 
ground, This action also causes a posi- 
tive voltage drop across resistor R34 
which is applied to the cathode of 
diode CR1. This action keeps the posi- 
tive portions of the signal from being 
clipped and shunted through CR1 to 
ground. When the jamming signal is 
removed the amplifier clipping cir- 
cuits return to their normal condi- 
tion. Since the gain of V1 is increased 
slightly when the gain of V2 is de- 
creased by the limiting action, the sig- 
nal to noise ratio is decreased and 
better performance is realized. Since 
a constant power output is desired 
from the second wide band IF ampli- 
fier, the limiting action will occur in 
one of the limiter stages in the sec- 
ond amplifier with only normal noise 
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and signal input to the first amplifier. 
The signal strength of the jamming 
signal will determine whether limit- 
ing begins in the first, second, or third 
limiting stage. When one limiting 
stage operates, however, all succeed- 
ing limiting stages will operate. 


Resistor R48, capacitors C26 through 
C34 and C48, and networks Z1 through 
Z7 forms a detuning and decoupling 
circuit for the +150-volt supply and 
prevents interaction between amplifier 
stages. Capacitors C35 through C42 
and inductors L2 through L8 prevent 
interaction between stages and keep 
the IF signals out of the filament sup- 
ply. 
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101 (U). Fixed Attenuator 9993003 

a. General. The dicke-fix IF output from 
the wide band amplifiers is applied to the fixed 
attenuator. In normal system operation with- 
out AJD (antijam display) the dicke-fix IF is 
terminated in the fixed attenuator. With AJD 
the IF signal is attenuated so that the AGC 
bias to the narrow band IF amplifiers will be 
the same for normal and dicke-fix IF signals. 


b, Detailed Theory. Dicke-fix IF is coupled 
from IF IN connector J1 (fig. 46.8, TM 9-1430- 
257-20) through attenuator pad consisting of 
resistors R1, R2, and R38, Relay K1 is normally 
deenergized. With contacts 6-3 of K1 made, 
the IF is terminated across the attenuator pad. 
When the system is in AJD operation relay K1 
energizes and the IF signal is attenuated ap- 
proximately 20db and fed through contacts 6-4 
and 5-2 of K1 to IF OUT connector J2. Crystal 
diode CR1 maintains regulation across relay 
K1 energizing coil. 
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1. Publication Indexes 


The following indexes should be consulted 
frequently for latest changes or revisions of 
references given in this appendix and for new 
publications relating to material covered in this 
manual. 


Index of Administrative Publi- DA Pam 310-1 
eations, 
Index of Blank Forms DA Pam 310-2 


Index of Ordnance Corps Sup- DA Pam 310-29 
ply Manuals, 

Index of Technical Manuals, 
Technical Bulletins, Supply 
Bulletins, Lubrication Or- 
ders, and Modification Work 
Orders. 


DA Pam 310-4 


2. Supply Manuals 

Antenna - Receiver-Transmit- 
ter Group OA-1596/T 
(9000228), Derrick, Aequisi- 
tion Antenna (7613500), anc 
Harness Assembly (8007435) 
(NIKE-HERCULES Anti- 
aircraft Guided Missile Sys- 
tem). 

Director-Computer Group, 
Missile OA-1479/MSA-19 
(8511317) (NIKE-HERCU- 
LES Antiaireraft Guided 
Missile System). 

Director-Computer Group, 
Guided Missile (9143988) 
(Improved NIKE-HEROU- 
LES Antiaireraft Guided 
Missile System) 
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TM 9-1430-250-35P/4 
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3. Forms 

DA Form 5-81, Shop Job Order Register 

DA Form 9-12, Inspection of Ordnance Equipment 

DA Form 9-79, Parts Requisition 

DA Form 9-80, Job Order File 

DA Form 9-81, Exchange Part or Unit Identification 
Tag 

DA Form 11-3, Shop Tag 

DA Form 421, Stock Record Card 

DA Form 468, Unsatisfactory Equipment Report 

DD Form 6, Report of Damaged or Improper Shipment 

DD Form 250, Materiel Inspection and Receiving Report 


4, Other Publications 


Accident Reporting and Ree- AR 385-40 
ords, 
Army Safety Policy AR 385-10 


Assembly and Emplacement: 
Radar Course Directing Cen- 
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tral (NIKE-HERCULES 
and Improved NIKE-HER- 
CULES Antiaireraft, Guided 
Missile System), 

Authorized Abbreviations and 
Brevity Codes. 

Check Procedures: Acquisition 
Radar System (NIKE-HER- 
CULES Antiaireraft Guided 
Missile System) (Includes 
Cheek Sheets). 

Cheek Procedures: Acquisition 
Radar System (Less HIPAR) 
(Improved NIKE-HERCU- 
LES Air Defense Guided 
Missile System) (Includes 
Check Sheets). 

Dictionary of United States 
Army Terms. 

Use, Care, and Maintenance of 
Eleetrie Motors, 

Field Maintenance: Acquisition 
Antenna-Receiver-Trans- 
mitter Group (NIKE-HER- 
CULES Antiaircraft Guided 
Missile System). 

Field Maintenance: Director- 
Computer Group (NIKE- 
HERCULES Antiaircraft 
Guided Missile System). 

Instruction Guide: Ordnance 
Preservation, Packaging, 
Storage and Shipping. 

Logistics (General) : Electronic 
Failure Report. 

Logistics (General): Unsatis- 
factory Equipment Report. 

Lubrication 

Military Symbols 

Operation: Radar Course Di- 
recting Central (NIKE- 
HERCULES Antiaireraft 
Guided Missile System). 

Operation: Radar Course Di- 
recting Central (Improved 
NIKE-HERCULES Air De- 
fense Guided Missile Sys- 
tem). 

Operation and Organizational 
Maintenance: Voice Commu- 
nications System (NIKE- 
HERCULES and Improved 
(NIKE-HERCULES Anti- 
aireraft Guided Missile Sys- 
tems). 

Ordnance Maintenance: Mate- 
rials used for Cleaning, Pre- 
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AR 320-5 
TM 9-244 
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Frc id foe 
TM 9-1005- So dotony i_ 


AR 700-39 


AR 700-38 


TM 9-2835 
FM 21-30 
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TM 9-1007 
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serving, Abrading, and Ce- 
menting Ordnance Materiel 
and Related Materials includ- 
ing Chemicals, Lubricants, 
Indicators, and Hydraulic 
Fluids. 

Ordnance Major Items and 
Major Combinations and 
Pertinent Publications. 

Organizational Maintenance: 
Checks and Adjustments: 
Radar Course Directing Cen- 
tral (NIKE-HERCULES 
Antiaireraft Guided Missile 
System). 

Organizational Maintenance 
Manual: Checks and Adjust- 
ments: Radar Course Direct- 
ing Central (Less HIPAR) 
{Improved NIKE-HERCU- 
LES Air Defense Guided 
Missile System). 

Organizational Maintenance: 
Functional Schematic Dia- 
grams: Acquisition Radar 
and Tactical Control System 
(NIKE-HERCULES Anti- 
aircraft Guided Missile Sys- 
tem). 

Organizational Maintenance 
Manual: Functional Sche- 
matic Diagrams; Acquisi- 
tion Radar and Tactical Con- 
tro] System (Less HIPAR) 
(Improved NIKE-HERCU- 
LES Air Defense Guided 
Missile System). 

Organizational Maintenance: 
Location and Access Proce- 
dures, Special Tools and 
Equipment, Preventive Main- 
tenance, and Corrective 
Maintenance: Radar Course 
Directing Central (NIKE- 
HERCULES Antiaircraft 
Guided Missile System). 

Organizational Maintenance 
Manual: Location and Ac- 
cess Procedures, Special 
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Tools and Equipment, Pre- 
ventive Maintenance, and 
Corrective Maintenance: Ra- 
dar Course Directing (Less 
HIPAR) (Improved NIKE- 
HERCULES Air Defense 
Guided Missile System). 

Organizational Maintenance: 
Theory: Radar Course Di- 
recting Central: Acquisition 
Radar System (NIKE-HER- 
CULES Antiaireraft Guided 
Missile System). 

Organizational Maintenance: 
Theory: Radar Course Di- 
recting Central: Acquisition 
Radar (Less HIPAR) (Im- 
proved NIKE-HERCULES 
Air Defense Guided Missile 
System). 

Organizational Maintenance: 
Troubleshooting: Radar 
Course Directing Central 
(NIKE-HERCULES Anti- 
aireraft Guided Missile Sys- 
tem). 

Organizational Maintenance: 
Troubleshooting: Radar 
Gourse Directing Central 
(Less HIPAR) (Improved 
NIKE-HERCULES Air De- 
fense Guided Missile Sys- 
tem). 

Organizational Maintenance: 
Unit Schematics: Acquisi- 
tion Radar System (NIKE- 
HERCULES and Improved 
NIKE-HERCULES Antiair- 
craft Guided Missile Sys- 
tems). 

Over-all System Description 
(NIKE-HERCULES Anti- 
aircraft Guided Missile Sys- 
tem). 

Over-all System Description 
(Improved NIKE-HERCU- 
LES Air Defense Guided 
Missile System). 
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Paragraphs 
ion S-minute delay timer. (See Timer, delay, acquisition 5-minute.) 
ion AFC. (See AFC, acquisition.) 
Acquisition antenna. (See Antenna, acquisition.) 
ion antenna drive 8515267, 8518894. (See Drive, antenna, acquisition 8515267, 8513894.) 
Acquisition antenna pedestal 8518363, 9002671. (See Pedestal, antenna, acquisition 8513363, 
9002671.) 
Acquisition control-indicator. (See Control-indieator, acquisition.) 
Acquisition duplexer, (See Duplexer, acquisition.) 
Acquisition electro-mechanical vertical scan system. (See Scan system, vertical, electro-mechan- 
ical, acquisition.) 
Acquisition HV power supply (See Power supply, HV, acquis 
Acquisition IF amplifier. (See Amplifier, IF, acquisition.) 
Acquisition IF preamplifier. (See Preamplifier, IF, acquisition.) 
ion interference suppressor (See Suppressor, interference, acquisition) 
ion local oscillator. (See Oscillator, local, acquisition.) 
ion magnetron and associated cireuits. (See Magnetron, acquisition and associated circuits.) 
ion modulator. (See Modulator, acquisition. ) 
Acquisition orientation level. (See Level, orientation, acquisition.) 
ion power control panel. (See Control panel, power, acquisition.) 
ion preselector. (See Preselector, acquisition.) 
ion range generator 8172918, 9007684. (See Generator, range, acquisition 8172913, 
9007684.) 
Acquisition receiver-transmitter 8515397 and 9156628 (See Receiver-transmitter, acquisition 
8515397 and 9156628) 
Acquisition RF power supply control, (See Control, power supply, acquisition, RF.) 
Acquisition slip ring. (See Stip ring, acquisition.) 
Acquisition-track synchronizer, (See Synchronizer, acquisition-track.) 
Acquisition trigger amplifier. (See Amplifier, trigger, acquisition.) 
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AFC, acquis 74 
AFC, acquisition aS ete ps 18.5 
AFC frequency-converter, (See Frequency-converter, AFC.) 

AFC motor-generator. (See Motor-generator, AFC.) 

Affectivity, technica] manual : y 4 
Alarm control. (See Control, alarm.) 

Amplifier, AGC, fast., . ee Pe earn 20.2 
Amplifier, de, PPI 9005503. 37 
Amplifier, de, PPI 9986059 39.5 
Amplifier, delay 8512849, 9007781 er = ee 13 
Amplifier, IF, acquisition... " ae 10 
Amplifier, IF, acquisition, main ae eee 10.1 
Amplifier, IF, auxiliary. . é 78.6 
Amplifier, IF, wide band er 100 
Amplifier limiter (See Limiter, amplifier) 

Amplifier, pulse, trigger al 
Amplifier, pulse-video, trigger 9187927. : x 14 
Amplifier, pulse-video, trigger 9989353 41 
Amplifier, resolver. eiiesiaast ir 56 
Amplifier, resolver, ba 88.1 
Amplifier, resolver-video 9990729. .......... sigeaitthay eas tea Gate 90.1 
Amplifier, servo, low-power... f rs a -: . 46, 15 
Amplifier, trigger, acquisition. f d digenanee con ae 61 
Amplifier, video, MTL... a i 2 = " 16 
Amplifier, video, PPI 9142869. HE per etl 38 
Amplifier, video, PPI 9985598 s 38.1 
Amplifier, video, PPI 9986410. 39.6 
Amplifier, video, precision si e 44 
Amplifier-generator, pulse, interference suppressor. B11 
Antenna, acquisition 9000289, 8158182. .....,..,, 79 
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Antenna, acquisition 9156580... : ee y “ : 

Antenna drive, acquisition 8515267, 8513894. (See Drive, antenna, acquisition 8515267, 8513894.) 

Antenna-mounted components, miscejlaneous.. 

Antenna pedestal, acquisition 8513363, 9002671. (See Pedestal, ‘antenna, acquisition 8513363, 
9002671.) 

Arrangement of material. (See Material, arrangement.) 


Attenuator, fixed, FUIF. 
Ef Auxiliary acquisition control-indicator {See Controlindicatar, auxiliary. acquieition:) | 
Auxiliary acquisition control interconnecting group. (See Control interconnecting group, acqui- 
sition auxiliary.) 
Auxiliary acquisition interconnecting box, (See Interconnecting box, acquisition, auxiliary.) 
Auxiliary acquisition relay assembiy. (See Relay assembly, auxiliary acquisition. ) 
Auxiliary electronic frequency converter (See Converter, electronic frequency, auxiliary.) 
Auxiliary frequency converter (See Converter, frequency, auxiliary.) 
Auxiliary IF amplifier (See Amplifier, IF, auxiliary.) 
Azimuth sweep generator mixer stage. (See Mixer stage, generator, azimuth sweep.) 
Battery contro] intereonnecting bex. (See Interconnecting box, battery control.) 
Battery contro! intereonneeting box housing. (See Housing interconnecting box, battery control.) 
Cabinet, cooling, equipment 8158225 
Cabinet, cooling, equipment 9985626..... 
Cabinet-mounted components, miscellaneou: 
Acquisition modulater... 
Acquisition receiver-transmitter. 
Battery controt console 173147... 
Battery control console 9143989. 
Director station group 8513626. 
Director station group 9145166. 
Utility cabinet... 
Carrier oscillator. ‘(See Oscillator, ¢ carrier. or.) 
Circuit, magnetic... Ee ey 
Composite telephone circuit, (See Telephone ‘circuit, “composite. } 
Compressor... 
Control, alarm 9000450 
Control, alarm 8158475... 
Control, alarm 9156414 
Control, power supply, acquisition RF 8158120, 900000 
Control, power supply, acquisition, RF 9156017. 
Control-indicator, acquisition 9137929. 
Control-indicator, acquisition 9985604... 
Control-indicator, acquisition 9988650. 
Control-indicator, acquisition 9980574. 
ControLindicator, auxiliary acquisition. 
Control-indicater, auxiliary, HIPAR. 
Control-indicator, auxiliary, LOPAR. 
Control-indicator, designate, target 9006252, 9007683. 
Control-indicator, designate, target 9143713. 
Control-indicator, designate, target 9986487. 
Control-indieator, designate, target 9988735. 
ControLindieater, HIPAR.. 
Controlindieator, IFF_. 
Control-indieator, LOPAR.. 
Control-indicator, modulator. 
Control interconnecting group, acquisition, auxiliary 9988902 
Control interconnecting group, acquisition, auxiliary 9589071 .. 
Control panel power, acquisition 8513518 
Contro] panel, power, acquisition 914493. 
Contro] unit, hydraulic... 
Converter, electronic frequency, auxiliary. 
Converter, electronic frequency, main _ 
Converter, frequency, auxiliary... 
Converter, frequency, main... 
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Cooling cabinet, equipment. (See Cabinet, cooling, equipment.) 
Cooling fan, equipment. (See Fan, cooling, equipment.) 
Coupler, rotary 8019245. a 
Coupler, rotary 9156621. 
Cover, intereonnecting box, auxiliary acquisition. ... 
Cover, interconnecting box, FUIF 
Cylinders, hydraulic 8011415 and 8012416. 
DC amplifier, PPI. (See Amplifier, de, PPI.) 
Dehumidifier eee fea, ne 
Delay amplifier 8512849, 9007731. (See Amplifier, delay 8512849, 9007731.) 
Delay line driver (See Driver, delay line) 
Delay line, MTI... ie eer 
Delay timer, 15-minute. (See Timer, delay, 16-minute.) 
Delay timer, 20-30-second. (See Timer, delay, 20-30-second.} 
Designate control-indicator, target 9005253, 9007683, (See Control-indicator, designate, target 
9005253, 9007683.) 
Differences among models.. 
Discriminator, electronie frequency. 
Drive, antenna, acquisition 8515267, 8513894. 
Driver, delay line 
Duplexer, acquisition. pbs een Mciat sacar taee 
Electro-mechanical vertical scan system, acquisition. (See Vertical scan system, electro-mechan- 
ical, acquisition. ) 
Electronic gate. (See Gate, electronic.) 
Electronic frequency discriminator (See Discriminator, electronic frequency.) 
Elevation coverage. 
Eliminator, modulation 8517883, 9007951... 
Equipment cooling cabinet. (See Cabinet, ‘cooling, equipment. i 
Equipment cooling fan. (See Fan, cooling, equipment.) 
Fan, cooling, equipment... 
Fast AGC amplifier (See ‘Amplifier, AGC, fast. ie 
Fixed attenuator (See Attenuator, fixed.} 
Fixed attenuator, FUIF. (See Attenuator, fixed, FUIF.) 
Forms. wad ee ea eet nae 
Frequency endl poses meter. (See Meter, frequency and powe! 
Frequency-converter, AFC. 
Frequency-converter, receiver. 
FUIF fixed attenuator, (See Attenuator, fixed, FUIF.) 
FUIF intereonnecting box, (See Interconnecting box, FUIF.) 
FUIF interconnecting box cover. (See Cover, interconnecting box, FUIF.) 
FUIF relay assembly, (See Relay assembly, FUIF.} 
Gate, electronic 8517934. 2 pee arouses ee 
Gate, electronic 9007695. 
Gate, electronic 9150871. 
Gate, electronic 9990560. Soe 
Generator, mark 8173013, 9007682. 
Generator, mark, precision 914471 
Generator, marker, PPI 8157989, 900768 
Generator, marker, PPI 9143202. 
Generator, noise..... nee 
Generator, range, acquisition 8172913, 9007684. 
Generator, range, acquisition 9143997_.......... 
Generator, sweep 851863 
Generator, sweep 9143168_ 
Generator, sweep, range 7617885, 8607326.. 
Generator, sweep, range 9141066. hac a AR ee Pia 
Generator mixer stage, azimuth sweep. (See Mixer stage, generater, azimuth | sweep, ) 
HIPAR auxiliary control-indicator, (See Control-indicator, auxiliary, HIPAR.} 
HIPAR controlindicator. (See Control-indicator, HIPAR.) 
HIPAR resolver amplifier. (See Amplifier, resolver, HIPAR.) 
Housing, interconnecting box, battery control. es aN chase aan eee See 
HV power supply, acquisition. (See Power supply, HY, ‘gequisition,) 5. 
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HV power supply, PPT 9142872. (See Power supply, HV, PPI 9142872.) 
Hydraulic control relay assembly. (See Relay assembly, hydraulic control.) 
Hydraulic contro) unit. (See Contro] unit, hydraulic.) 
Hydraulic cylinders. (See Cylinders, hydraulic.) 
IF amplifier, acquisition. (See Amplifier, IF, acquisition.) " 
IF preamplifier, acquisition, (See Preamplifier, 1F, acquisition.) 
IFF control-indicator. (See Controliudiea tat, IFF.) 
Mlustrations.. 
Indicator, precision 81 73218, 9007681, 9985665. 
Indicator, precision 9199583._....... i 
Intereonnecting box, acqui 
Interconnecting box, acqui 
Intereonnecting box, aequi 
Interconnecting box, acquisition, auxiliary 9989089 
Intereonneeting box, battery control 
Intereonnecting box, FUIF oa 
Intereonnecting box cover, FUEF. (See Cover, interconnecting box, FUIF.) 
Interference suppressor pulse amplifier-generator. (See Amplifier-generator, pulse, interference 
suppressor. | 
Level, orientation, acquisition fi 
Limiter, amplifiet......, eee eee ne 
Local oscillator, acquisition. "(See Oscillator, local, acquisition.) 
Low-power servo amplifier. (See Amplifier, servo, low-power.) 
LOPAR auxiliary control-indicator. (See Control-indicator, auxiliary, LOPAR.) 
LOPAR control-indicator. (See Control-indiecator, LOPAR.) 
LOPAR relay assembly. (See Relay assembly, LOPAR.) 
Magnetic circuit. (See Circuit, magnetic.) 
Magnetron, acquisition and associated circuits 
Main acquisition IF amplifier (See Amplifier, IF, acquisition, main) 
Main electronic frequency converter (See Converter, electronic frequency, main.) 
Main frequency converter (See Converter, frequency, main.) 
Mark generator 8173018, 9007682. (See Generator, mark 8173018, 9007682.) 
Marker generator, PPI. (See iceee marker, PPI.) 
Material, arrangement... ad 
Meter, frequency and power. Pe ect ae at ae 
Miscellaneous antenna-mounted componetits. (See Antenna-mounted components, miscellaneous. ) 
Miscellaneous cabinet-mounted components. (See Cabinet-mounted components, miscellaneous.) 
Mixer, video and mark 9142873... mayne 
Mixer, video and mark 9145581... 
Mixer, video and mark 9985613 
Mixer stage, generator, azimuth sweep. 
Modulation eliminator. (See Eliminator, modulation. ) 
Modulator, acquisition. re Oe oe 5 
Modulator control-indicator. {See Control-indicator, modulator.) 
Motor characteristics: 
8515037 (table IV) 
9010200 (table V) 
Motor-generator, AFC 
MTI delay line. (See Delay line, MTI,) 
MTI oseillaseope. (See Oseilloseope, MTI.) 
MTI video amplifier, (See Amplifier, video, MT'I.) 
MWO changes (table 1). 
Noise generator, (See Generator, noise.) 
Nomenclature... 
Nomenclature cross-reference (table II}. 
Orientation level, acquisition. (See Level, orientation, acquisition 
Oseillator: 
4-ke. 
Carrier_ 
Local acquisition 
Oscilloscope, MTI. 
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Paragraphs Page 
Pedestal, antenna, acquisition ee 9002672 53 ia 
Pillbox-.............. me eee OT 81 214 
Power control panel, acquisition. (See Control panel, power, acquisition. ) 
Power supply, —28Viseuenner nnn 51 137 
Power supply, +270v, —28v, and +75v or +175 25 54 
Power supply, +320v or +220v.. 2 49 
Power supply, ~—1000v.............. 26 55 
Power supply, HV, acquisition 29 58 
Power supply, HV, PPI 9142872. pes . oe ditt ee 50 185 
Power supply control, acquisition RF. (See Control, power supply, acquisition RF.) 
PPI 9142868, 9988576. 33 67 
PPI 9986454 seaeearnie e 391 a8 
PPI de amplifier. (See Amplifier, de, PPI.) 
PPI HV power supply 9142872. (See Power supply, HV, PPI 9142872.) 
PPI marker generator, (See Generator, marker, PPI.) . 
PPI test panel. (See Test panel, PPI.) 
PPI video amplifier. (See Amplifier, video, PPL.) 
Preamplifier, IF, acquisition... 72 184. 
Precision indicator 8173218, 9007681, 9985665. (See Indicator, preci on 8178218, 9007681, 
9985665, ) 
Precision mark generator. (See Generator, mark, precision.) 
Precision video amplifier. (See Amplifier, video, precision.) 
Preselector, acquisition 7621790_ a ea aa 69 117 
Preselector, acquisition 9990523 and 9990524. 78.8 210.6 
Presgurization unit, 58 150.1 
Publications, related... cant aet . 2 a 
Pale aranlicersenerator, interference suppressor. (See Amplifisr-generator, pulser interference 
suppressor.) 
Pulse generator, trigger. (See Generator, pulse, trigger.) 
Range generator, acquisition 8172913, 9007684, (See Generator, range, acquisition 8172913, 
9007684.) 
Range sweep generator. (See Generator, sweep, range.) 
Receiver frequency-converter. (See Frequency-converter, receiver.) 
Receiver-transmitter, acquisition 9156628. 64 161 
Recuiver tra nsiatter /sutacsembly (SceSubsssernbly,recel yertransmittar,} 
Records... 6 8 
Reflector assembly... ‘ 80 211 
Regulator, -+250 or +150 ‘vol ee *. 27 55 
Regulator, —250 +250, or +150 volt 28 57 
Related publications. (See Publications, related.} 
Relay assembly, auxiliary acquisition 9985525. ....0.56.5.pesg)cosoes ses ssssesssenecess conse seeetnse 52.2 140 
Relay assembly, FUIF 8518681. 88 MAA 
Relay assembly, FUIF 998440: 89.1 244.2 
Relay assembly, hydraulic control 83 226 
Relay assembly, LOPAR. Bie 64.3, 
Remote control circuit., o 91b(4) 246 
Reports: 
Accidents... es 6c 3 
Unsatisfactory equipment or material 6¢ 8 
Resolver amplifier. (See Amplifier, resolver.) 
Resolver-video amplifier. (See Amplifier, resolver-video, ) 
Rotary coupler. (See Coupler, rotary.) 
Scan, vertical. 84 230 
Scan system, vertical, electro-mechanical, acquisition 86 234 
Scope. eetviires x 5 
3ervo amplifier, lows power, (See ‘Amplifier, servo, ow- power. 5 
et, telephone TA-272/G... rt erates oa 52b(10} 189 
Slip ring, acquisition. 55 145 
STC____. 4g 132.4 
Subassembly, receiver-transmitter. setae 18.2 210.1 
Suppressor, interference, acquisition... ese csccsencesesesennaneneenesnnnnenecessonees usienauenien ‘ ale 64.4 


Sweep generator. (See Generator, sweep.) 
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Sweep generator, range. (See Generator, sweep, range.) 
Switching and mixer unit a 


‘Acquisition-track 998874! 
Tables: 
Motor 8515087 characteristics (table 1V). aes 
Motor 9010200 characteristies (table V). 
MWO changes (table I)... 
Nomenclature cross-teference (table II 
Tubes conducting during different intervals of time (table IIT). 
Target data processing unit_ : 
Target designate control-indicator. (See Control 
Technical manual affectivity. (See Affectivity, technical manual.) 
Telephone circuit, composite... ; 
Telephone set TA-272/G. (See Set, »etephone TA272/G.) 
Test panel, PPI.. : 
Timer, delay, 5-minute. 
Timer, delay, 15-minute........ 
Timer, delay, 20-30-second. 
Timer, delay, acquisition 5-minut siecle 
Trigger amplifier, acquisition, (See Amplifier, trigger, acaul 
Trigger pulse amplifier. (See Amplifier pulse, trigger.) 
Trigger pulse-video amplifier. (See Amplifier, pulse-video, trigger.) 
Tubes conducting during different intervals of time (table III). 
Vertical sean, (See Scan, vertical.) 
Vertical scan system, electro-mechanical, acquisition, (See Scan system, vertical, electro-mechan- 
ieal, acquisition.) 
Video amplifier, MTI. (See Amplifier, video, MTL.) 
Video amplifier, PPI. (See Amplifier, video, PPI.) 
Video amplifier, precision. (See Amplifier, video, precision.) 
Video and mark mixer. (See Mixer, video and mark.} 
WverOri 0 ea Sete eects 
Wide band IF amplifier (See Amplifier, IF, wide band.) 
d-ke oscillator. (See Oscillator, 4-ke.) 
s-minute delay timer. (See Timer, delay, 5-minute. ) 
15-minute delay timer. (See Timer, delay, 15-minute. } 
20-80-second delay timer. (See Timer, delay, 20-30-second.) 
—28v power supply. (See Power supply, —28v.) 
+250 or +150 volt regulator. (See Regulator, +250 or +150 volt.) 
=250, +260, or +150 volt regulator. (See Regulator, —250, +250, or +150 volt.) 
+280v, —28v, and +75 or +175v, power supply. (See Power supply, +270v, —28v, and +75v 
or +175v.} 
4320v or +220v power supply. (See Power supply, +320v or +220v.) 
—1000v power supply. (See Power supply, —1000v.) 
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